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Qjijtb £aluu ^jiii js^i 



fi>l L4-l£Jf 



Is jiliJt dJtell u&aJl 

: S liL-Vl (> (| £a^l j £ALLaU <> uLJlu 4iaJ JlJcl 

^jjjjll tllaaJlj £t&li<d] C5-*J^' j^J"^ — (jxuaJI Laa (jbuiui /jlluiVI 

<_£ jjjjII tllaJl j ^lAUaH ^ jail j^J-all - J&liall Jj^aUll ^1 jjI / illwVl 

: i— ij i lit a lb j-aaJl 

<_5 jjjjII daall j ^L&lLall ( _ s ^a_jall — ^^sll ^^Ic ^ « ^b^jJ 
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5- 

AJaLuull IjA ^ Luclj JaJ . AjjjLMI 4ia.j^]b frUaJ^ll JJ^aJI (7&'\«W J 

^Jajljla jLaj f 1 j ajS II ^J»J 4_lu)luiVI ^JAlLaJI ^^ic ^jjJajJIj 

. <_5-jLMI J J jVI jj a ' alt ^fl L-llUall Ajojjj La 4lal£la j 

4SLUI UJjLu JjVl J^l ^ : J j-aa 4^ ^ t_>t£]l J^Aj 

. 4iLk!1 a aA L_lluia. «_lJaluU 9 4ajl_LajSLll l1l/Ic.Isu]I 

ojM^aJ! (_Lol jail j AjjLloJ^jI cll!/lc.laj]l 4£. jjaJ LjjJa^u tlllljJI Jj^aill ^ j 
Jc-Uull AA\ ^ Jgi-a jL^ali.Ll ljjJaj*J La£ t i-X/lc. Liull sjA tllVj*-a 

4j^alaJI tllbjiaillj JC-ljallj ,_yaLaa*VI <J^J-^ <— Sjj-u £-jt^t (_L-aill 

. l^-iu LO>lc-lju]l i^JAaJj i_ LlS ^3 Al jl^o j 4^jLl<u£J1 j|j»a]| aaA i_SJj*jj 
IjA 4jJjJJj . ^^ij^l ^gjLvaAll J^iaaJI 4jJjjJ ,j^laJI Jj>-aill 1 ^. ^ 
JjjLuiil (_K»J Jja*j (jC- ' LuSH AmAiA\ 2 jj| j ^ j< II (JjLuijJ! i_fij*ij eJljjaj (_L-aill 

. 4jj 1 It JJC. ^!/La!/U ana It j 4j.lC.lal! 
jA j < ^SJ^lt JjU"l\\ (_LafLaJl ' ^lail aLu-ao-aa. (jjjLoJI Jj^ai!) Lai 

AjjLvajS II (—JjJLuiVl <—fi^)*jj ' * 'j-*- 4 ^^11 Jjlaall (jJCjS ' ^g^aaLaJI Jjliaall 

i_alaj LaS jail 1 "<■»■" a aJl ^fl oj_oa.j^]l jl j^ll dlLLaS Jj.laJ ^jjaluij IgJ ^ill 
. La jj£ljJ (jft jJJjuU ^Jjiall (j Jj Igcljilj (JjJlawaJI AjjIjjJ tunfl LlJjai 
v_ajx23 tllta. ^jLuJI aill LgJ Ajijjju JJ (jjJaJj 4jjjJaaJI f 1 J ajS II 
!j hi Jj l^j!)lc.liuj LsjJjJaaJj (jj^aj <alia-aJI L^-aLoialj <JjjJa«JI d>lj£j»a]l (_>-alja. 

. Lg_i Aiaijj-aJI dllc-l U>o\l 
(j-a ji.1 ' " Ua 4jj^£JI f 1 J ajS It (JJjAi (j^ljll (_L^ai!t ^ 

JlSJil t> J£aiJI Ija Jjjsj ^jU",...; ( i£j AjjLij^£JI aSLUI AIlLJI JlSLli 

. (jA*SI j 4jjU<u£ AiLL Jt AiLLJI 



Aj&I 1i all j AjLaxlt ^jljill {j J j (JljikVlj o.lui£VI ~J3°"^ (jla^)*jj La£ 

f 1 J aj£ II j»a ^ji] 4 la i gj a 4_iajj*j AjojIjJ (JJJ-li JJa/^lj ^jojI^I (Jj-aill ^ 
( _^a*J £tlli ' "J^J fljSluLajt JJC- <Jjj^! <_V<a*J l_fi^)*jj ' " Ua Ajjjill f 1 J aj£ It ^j-ajoU 
jx tilJj Laj (_5JJ^' t5 C, ^"-"V^ -^ a ^ L ^' LS^>^' JJ-a^C- (j<a jx-aLiaJI 

jjUaoJIj 4jj_oil! AiUall aJuLail djl'snlVill Ljajl i_fij*jj La£ . <\jul y ]\ ^yax-i dllxjjl 

(_}a*J (jl (J-aljj jjjLaall (j hi U (Jjj-aal sj& j»a (Jj-aS (J£ 1 j alia Ja] 
(_3^»"u ^^Ja. 4jualaJI i j^a L-L/UaU jj^jLajll j»a .lij-a J 3 * (j-J -4 ^* - *^ 

. J' aill ajLa] ^jUjnml 

Aic *^ J&j a (jj^J (jl J^jj i-jIjSJI 11a ^ alla^a La j) 

jj£j l_fijjai3 VLaS (_yC^j V tdJj f^JJ ' M>LLMj ajjlui^l Liaj (Jill jl ^^iaojj 
Ajj! ja. JS j-a L-lt&ll life ^^ic a jjLoiVI tlllajLu j dlUaa^La C5 alij ojbtuill AjIc ^ 
jaJ 4_^uiljA]l liaJklla jjJaJJj dlljjtill .luU > *U\i°l i JailL) l_±a.^>jj 

. tluJaall j AjSI _4aJI j oJjaJI jx -Ijj-aJI 



AjJUjlall j AjjUaAll LjUL»iJ Aja.L^xall Aalkll lJ 

: l$jL AiUall t_aj*jj . (Thermodynamics) 4jJ jaJ ISjJJjjJI C5 »<ujj 
^^.iL (SI) j»Lki3l J Aalkll ^jjolij j . jJu jaI jl Jfcyi JL Je ^wiaJl a jj£ 

^1 all ^.Ij ajl^)^. A^.jJ A-aj^UI ojl^pJI AjaS jA 

(Jja.jL£ll ^g^ajoU AiUall (JjLial o.la.j -i^JJj • Ajjla Aa.jJ £ ^ A J^'°"^ 

. Jjj> 1 • • • c£jl"J c^ill (k J) 
AjjI jjsJI Ifrlaa t 3.11xLa JISjjI Jc Jj> jj AalLlI j) tajlui tllSjC La£ 

< jIj^JI J Ajj^c a jjl j aj£ It aILLJI (JjSjj . AjjIloj^Ij Ajc.l*joiyij AjSLijISjaIIj 

j aJa J AjjIjaJI ISjLaljj^JI ^Ic-J t (JSjoi (j-a IgJj^J JJC- jg 

. AilLlI Jliii jjj a£UI 3jJ jjj 
ajc (j* dj 1 Vi i in cs iiu V Aalkll jl e^O^I (J^JJ-^ (j* d-iajc US 
^yAn.iiJ (jjjlall IjlAj ajjj^a (j»a l^Jj^osvJ (j£»aJ (j^l ' (jluijyi ojJS (j<M>i 

jl Jc (j-ajj (jjjlall liA j . (Aalkll etfij jjila) AjjI jjJI lSjLaljj.il] J jVl jjitalb 
(jl jj V Ajlfl Aalkll j* Aaa£ Ijj <d J Aiilj jjSll AjKII Aalkll 

. Aalkll JlSJii (> jil JSJi Jc 

j* " (^J^l AjxJjk Ajla. Jj AjxJjk Ajla. j* ojLall (JjaJJ (jl j£«aJ 
jl (j-aL^alal tllljjijll £>J& ' - '^1 ■ aJj " Ajjlc. ^ > AjjLj > AjL-all 

Jj jl J aj£ (JSjoi j* ajLall (JjaJJ (jl j£-aJ LaS ^Ajjl^i. tllljjiu^ AaUa (j!>Uajl 

j al i qj at Ljajj lillj L_12k.U-aJj A^l-LajSlI (— l^lc IsLill frLijl lillj j JUajS JSjj 

(Mjjjiil) AjujJaJl til jjAjJL ^uu lj! jjASII (> JjVl ^ jill t AiLL JpUail J 
(jjill Uj ¥ Jbjjillj JUajSlI jjjijll Ua . ^1^1 CjljjijJlj ^^^uu J^llj 



: M-ubJ^I CA jjuJI 

till jiSI Igaa h°il Vi j ^jIl<u£]I \ $ ;j< ^^c. oi-J l^ja .LaUj till ^ 

(j-a o^LttJI 4j3 (Jjaluj i «.(_£ jaJI -LjI jj lgJ3 j i oSju V J jaJI (JaJj IgJajljM ^^Jc 
t AjjUJI AJUJI AJ jjjJI qa J i jjjuJI AjX^all t> jaJ ^1 AJU. 

: ^U^l CA jjuJI 

aJj^. jlj^a IgjS gtllj j a^Lail ^jIoajSJI t_uSjoll jJJsu Lg_i3 ^jj tllljjju ^_4> 
till ji jjJ Jajl jjll (jV lilJi J ' ^L-aJ^JI l$Jj£jM ^ I4J 4j j£^JI j| ^aII (jc l ilWl 
(jjSjUj ^Ajjlja. 4iUa (^j-aL-ailal ' ■ lllall I^Aj) j 1 oSju aIc-IslIaII sjLall tlltjjja.j 
Aic !>liLa3 . ^4jjI^&. AiUa -ijia ' ■ lllalj Ij&j) oAj-i^. Jajl j j yjjSll a-lpa. e-iLa 
(jjSjJ ja. ) JaiuJaj ^ * * .lie- (jj^joiSjVI jlc- (jJa-jJ-ll^JI jlc- (Jc-liu 

H 2(g) +y0 2(g) ► H 2 w , AH = - 28.3 k J 

jjij <*i (JjLuJI ^Lall (jx J^.lj (jj^J -iic Ail aJjIxaJI qa iaa^j 

. (Jja.ji£ \A,V-) ajliL 4jjljiJI AiUJI ^ 



^Uaj^l JcUjJla c4jjl jail AiUJI ^ AjjUa£]I L^X-lioll t-la.L^3J 

to ''I aj jl t (ojljail Jjlia Jcliu) ojl^aJI A^J^ ^lijjl 4jc ^iu 

(>aj (0 jl jail <_>aU JcUj) jl jail 4a.jJ ^ 

C ( s) + 2 (g) - 38.3 k J ► C0 2 (g) ij j*U jjlL J^Ui 

H 2(g) + I 2 + 51.9 kJ ► 2HI s J jaJl o-L. Jtlis 

<L-aLa tll!)lc.liij j < ojl jail sJjUa lllvlclsiil 4jjl-Laj£]l tlL/lcladJI ^jaiSJ IjJ 



J 



• ^J^A ^1-^ 
(j^L* ^i.VI (jir* jll J ojl^pJl oJjUa tlivlc-lioll <_>ia»J (jj^J I iL<J ^ij ^^£1 



Y 



. (H) >>JJJ SJUJI A&l j Jj^ 



. I g i 'ax \ £-a tllljjjaJI (jjj iajl jjJI Ailiaj jail ^ 4iajl jll 

: Sj^t 6JJ^W» SSOa (I) 

<S 4jjQa]| tllbjOui^ (j* (_g jiuba ^ Jj-li ojill ^ (jjjpSJI (J£ 

; LaA 4lUa]| (jlcjj 
al jjJI a j3 (> <=vjtill 4iLkJI ^-A j : (<i«l£]| ASUall) £jJa jll 4iUa 

< ol jill qa (jjjpSJVI -i*J ^^Ic I t_aaj2j 4iUaJI a^Aj t (jjjj£J!AJ 
. ^JajL^a (JjSjJI j At.iJjj AiUa tll.ll j al jiJI (jx (jjjpSJVI -i*J -ll j LaKa 
J ja. jjj&WI (jl jjJ A£ja. 4^jU]| ASlkll ^ j : A£jaJI ASQa /Y 

. Si jill 

4iLkl ^ j±sA\ £ jaa-J = jIlilJ AflUa) ajjlll Aiajl jJI AaUa 

. A£ jail 4iUa j £jJa jll 

. ujJ&W! a£ AalL + jjJ&WI j = iS ^i^ 3 

(JaJj (_>ia*J £-« 1 (S i 'tax \ jj-aLiaJI tllljj ialijjl (ja Aajlill AijUaJI <_^Aj 
cilia, (ja (. jaJI ^ AJajl jJI AaUaJI j t (_j£ja]| jl jj-aiaJI ja- 

£A I^jJjjU JaLjJjj Afljjia J jaJI L_l£jJ ^ <ii.l^]| till jill ^ jj j JOC 

. Ajxlgjai) Aiajlj jl ^jjjJl 4jajl^>J (J- 3 *^ 

: CjLLjaJl OrfJ Ja*|j5» AiUa (5) 

AjlaJ ' ajlal (_5jSll aAA j . 3-lLaJI CLlljjja. (jjj L_jjLaaSI oj3 ^^Aj 

: ^VIS illij SjUI 

(jV ' t-l^ Lfc^ L_ljLaall (^j3 (jj^J • AjL-all jIjaSI 

4 A i all jIjaII (jjS 111 t !.la. ajjiu^a l^J3 dlljjjsJI (jjJ dlliLouJI 

. dulj a j i—LlUi (J^jj CLllij 4^uiLa!La 



r 



. clulj --^ IgJj "US <CjjJaj»a]| (J^joi ialj ^liilbj ^gjoill 

dlliLuball i t-la. ojjlij-a Igjljjja. (jjj ^-1-iaJI (_g j3 : AjjliJI -ll _oa]I (V 

4X-JJOIJ j.^-'V'j <£jaJI aja. Igjlll^a ^ ' ( — J ^0?^ U£ 

; () ) JiUu 

' ' Ua (jx AjjliJIj aJjLuiSIj 4 Ai alt Jj^ll jjj "US (jjla (Jj-^?> LfcJj^ 



^jljaJI ^jJa^JI Jjiillj (H) j-a jib (_£ jl jaJI ^jja^l] j-a jj 

. (AH) > jib 



AH = H 2 ° 


- Hf 







i (_£jl^>aJI (_gjOa all ^ JJ*^I L«J ' LSj'j^' L$J^ ^* llalfc (jl .1*J 



6 j\ Jill b Ailal\ C&£.\&1\ •. j\ 

C ( S ) + 2 (g) - 383.7 k J ► C0 2 (g ) 

. Ailkla a jl ja> ajljail J jUall J&UjJI 

t> Jai Aj3 i ^oll ^ J jaJI (J jla-J a jl j=JS J jUall Jelsoll (Y 

sjLij i=L s j jaJl sjjiLli lj^uui ^AH ^jj=Ji ^ ii^Ji jjiiuli (r 
C( S )+ 2(g) ► C0 2(g) , AH =-383.7kJ 

. — ^ ) lS^ 1 ^ cs^W^ LSj'j^' lSj^ cs^ J^*-^'j 



vavw - 



AH = - 383.7 kJ 



C + 2 H, 




Clinic UiLal] 



co 2 



H 



SjjaJl JjLL JcliU AiUJl kk* - : ) 



•. bj\jill*uA\j»l\ c&sAjtiN •. 

(J_jx Y (jj^J L>* <Jj-* (j^JJ-^S-^ L>* (-!.>* (Jclij AiC- t 4 la-la alt 







+ 51.9 k J ► 2HI 

* 2HI , AH=51.9kJ 



H 2 
H 2 



+ h 
+ h 



: (jl ^cjHuij AijLuJI AJjla-aJI qa 
(_g ft II ^>jSi ^uljiil LSj'^P^ L$ j"'^ ^ ^ UJ-^J sjl^P^ ,_>-aLAjl (Jclijll (Y 

SjLib AH S J jail JtlailJ ^ J jaJI <jj ^ j^l (r 

; 4ij]siJI oAg_i (Jc-lijJI AJjla-a l_nSjj t 

H 2 + I 2 ► 2HI, AH = 51.9 k J 

(_£j!^pJ! <JI ^gfl J^*^l 

— — = HI (j-a .1^.1 j J_&-aJ ^ jl jaJl (_g jia-all .'. 



(Jja. jLS) A31L1I 



2HL 







H2 gSl Jill 






AH = 51.9 kJ 


H 2 + I, 


-At-- 





AH = H 2 °-H 1 °=+51.9 

. £x&C.\ ¥\a 1 1 {£ jOa all = Hj t £tjl jil^ C^j'^P^' CS j"'^ = H 2 : (j 



. AiJla-a a jLuib Ailiaiall jl 4 >^i"i<\<\\l 
; t^J <ELol j£j *_a ojl j^IS 4j-aLaJI j ajl jail oJjlkll tlL/lcliiJI jjJ jjla : iaUiu 







ajljaJJ 4j^La ' " ll & j a LmJ . Y 

A^jLill jl j»al3 C^j'^P^' ySj"^ 
jlj^JJ LSj'j^' (_£jia-a]l jx __)j£l 

jia-a dllj Igic A^jlill tlilj£j»a]| . £ 

H 2 + I 2 + Heat^ 2HI .V 
C + 2S + Heat ► CS 2 


. (JclioJI frljui ojl^a. l^la (jiiaij . ^ 

(j jla-aJI (jx Jal Jclsull jc 
. AJcUlaJI i ^al] tj jl jsJ 
(_£ jia-a till j Igic A^jlill tllb£j»a]| . £ 
. L_l3lul (_£jl^i. 

C + 2 -Heat ^C0 2 :<Lai .V 
2H 2 + 2 -Heat -2H 2 



^J-* (IWJ^J ^Jfrlilall jlj-aJI lllljjja. ^gk ^/L-al oJj^._a-aJI Jajlj^II jjoi£ 

(jl -^.JJ ' J^£> Y £ * (_5jLuU ^L^^)^ CS^ ^iajl^)3l AiUaj t (Jj^. 

jjKJI j jja. jjJj^JI till jj j^ (HC1) j-a «.(_^ j^. Y jJj^J -^C- AilialaJI AlUall 

? <Lul j]| 4ilL La3 . Jjik jl£ Al • (_5 jLuU oJjLaJI 



V 



Jj* (iajl 4iaj| J j^SLl V£UI 4iUa2l Jfc : 4JaJ jJl 4iUa 



1 1 U Hi 



ASUa Cji j UK j t till jjlll jjJ ialiijVI o jSJ O^^* 4<jLL (^) 

(jjj "Uajl jll jl (3jUuJI (JI!LJI (j-aj t jaJI liluiLaJ ojij tll.ll j "Uajl^ll 

J) tllllljaJI J jaJL 4jV t AilLU (_>aLa (Jclsft jC ojUc AJajl jJI jjoiS 

^jj^£J| L-I.ia.ll (_£j3 Jc ' ■ lliul] AiUa cllllljaJI U a3 jl j«a V dllji 
: jl .laJ (jjjluiJI (JlxaJI j-aj • 1 (S ' ax \ £-a dlljill JaJjM jll jSLuill 
J ^2^] jj^ j jjj^JI CjUu> J aJsjI jll 2u _pUI Ailill . ^ 

• Jj^- iVo ^jLau jj^jjjjiA CjI jj 
H^— H + 435 kJ ► H + H 



CJ jj Jl Jj^J jjKJ! ljLu> J jll ^u£J ^Laj^UI AiUJI . Y 

CI -4— CI + 240 -kJ ► CI ■ + CI 



jl £CJ^aOJ (JJLuJI Juta]! j^ j . Ajjl jiJI 4iLLU JjlL Jcliu AJajl jJI jJj^J 
Y jjjSiil JjKJI dlljj (jo (J_»a Y jj^jjJj^JI tllljj (j* (Jj-a Y Jalijjl 

. J j^. jL£ Al « l&jl-lLa 4iUa 4ic ^cjuj (HC1) j^ 
4^£aA\ AiLkU (_5 jiaJI £ j^aJI (A H) (_£ jl jaJI ij j-'^ aJI J Jji^ll ( -l) 

. £tjl jill jJj^J Aic Aillalail AiLLJI j Lj!/lc. UlLcJI J iajl jjll juSl 

. Jja. jLS Uo - = (Y£. + £Vo) + Al. - = AH 

: JjUJI JfrliUl Cjl jki 

,_>^alaJ LaAic JJ^JI tllljjj^.j jj^jjJj^JI dlljjj^. (JS J jajlj^>ll j i oSju ^ 
(_5jl jaJI ail J Jji^l jj^Jj ' a o-^jS-a tllljj Jj (JjaJljj AiUaJI 

. ojl jail (j^ala Jclaj Jajl jjl Jj-£ jV ( + A H ) Ua.^a 

H 2 ► 2H , AH = 435 kJ 

Cl 2 ► 2C1 , AH = 240kJ 



A 



IaJj . AiUa JjiLlij dlljjja. (jjSjJj Jjlall dlljij (jjajj-llgJI till j j iaJJjM (Y 

ujSj (AH) ^ J j=J ci j^II ^ j^ill jl* U J 2 - 11 J j^ 3 J&liiSt J 
2H + 2C1 ► 2HC1 , A H = - 860 kJ 

•. ^mb& ^ J> lU 

: ( jja. jjJugJI j JjISJI ) <l£lcliil<JI lAjjja. J jx jjoiS AiLL 

. Jja. jL£ lVo = Y£ • + iro 
. J ja. jL£ AT, • = (gd jill) t> Jjx Y jj^ ^ AilkiJI AiUJI (Y 

= c£ J J^JI (^jla^JI ^ jjijll (V 
.Li jjll jJjSj lie AilialttJI ASlkll + Jajl jjJI ju£ lie 3 , ^LaJI 4ijlk]| 
. Jj* Y / Jja. jLS Uo - - 1VO + Al . - = 
^ Ao 

■ Jj« / Jj?- ji£ ^Y,<= — = Jj* jjj&l c^jljaJI jjijll (£ 

: (jjj£ii]l ojl ja.j (jl jJa.^1 ojl jaJ AlLaVI <_V<a*J ^JJoii 

: JljMSJj* (1) 

(Jj^aii ^Jj^. frljgJI (^gk oJLaJI (jja-uU AiC ^JU 2^J" AuiSb AjloC J^j^^l 
ojljaJI (jx Ailia-a (IiUaS (JjILjjj (Jxllia i (JlnluiVt Aa.jJ ^1 IgJjIja. 4a. 

: !>H<s t Aijga «JI o^LaJI ^ ji i-baa lilJjj 
ajljaJI (j^ (JjJJaju (jja-uiSjVI clualjaJI (j<4 J j* (jljla.1 .lie (l) 

: Jja. ji£ rir.V UJjS« 
^C (s) + 2(g) ► C0 2(g) , AH = — 393.7kJ 

ojljaJI J^Uajj (jja-uiSjVI ^ (jljJ-ttJI jlc- (jx J ja (jjljia.1 Aic- ( t r J ) 

. J ja. jLSAo. Ujl-lla 

CH 4 (g) + 20 2 (g) ► C0 2 (g) + 2H 2 (g) , A H = - 850 kJ/mol 



C 2 H 5 OH (g) + 30 2 — ► 2C0 2 (g) + 3H 2 (g) , A H = - 1367 kJ/mol 



; J/ >Z»y/ SJja, 
: (Calorific value) 4^j2JI 
. ... til n : oaJ 

. tnuij t >uJI O- 3 ^- J ( ^ 
. ( _ - yiajaj-a (_JSmoiJ AjJ^lJ AjjLa JJC- 

jja^ll JjljflaJ ajjl^^. ( 



: (\-\) JH* 

4^ ^ . Jja. jLS Ao . - (CH 4 ) jlVll S jJa.1 o J ja. lit 
.(H = ^ <C=H) C^ak |jj j^ 1 t> ^ * SJ^ CP SjljaJI 

: JaJ 

CH 4 + 20 2 ► C0 2 + 2H 2 , A H = - 850 kJ 

U = (H) + (\ x £) = (CH 4 ) jU t> J^J <1S 

Jj*. jLS Ao . . - = .1 ^_ = ^ .-. 

C 2 H 5 OH + 30 2 ► 2C0 2 + 3H 2 , A H =— 1367 kJ 

. (O = U iH=l . C = U) jLUk 

: JaJ 

Uxw^xi + Hxy = (C 2 H 5 OH) J jjlijV 1 t> 
. ^ £1 = 

: <Ll»-J ^ 

. mv tij^ (C 2 H 5 OH) (> ^ n 

• J J*- O* LT^J (J (C 2 H 5 OH) <>> ^a. £ , 1 

. jLs ^n,Y = vnv x £.1 = ^ .-. 



> > 



: (JittS) OriJ^I Uj* (<) 

f-iSj^- jj^i (JclijJI ^ulj Ijj < La l_iSj^J (jjjSii]! ojlj^. (jJJ«J -lie p 

: Jcliil! 511. . 4i jSUI jA 
H 2 +C1 2 ► 2HC1 , AH= -184.756 kJ 

. (HC1) oJjSj SjI 

Y 

Jj^/Jj- jLS^Y.rVA ^ 

. tjik^a (_£jluiJ AjjaiUall AJlaJI ^ j' ajfc (jJj^J ojl^)^ 

. L_l£j-JJ AjjiaJl jx«aU*]] iSj^ A ^ ~ l—l^J-aU LSjIj^-M LSj^ 

^)i»-a — ^ulill L_lSj^JJ LSj'^P^ ^JjJa-all = 



. 4jjl^pJI pLlajSJI (JjIuia (Ja. ^fl I^Xa li&j 

: (r-^) JH* 

CH 4(g) + 20 2 > C0 2(g ) + 2H 2 

t (£ . 1-) . (1 .-) H 2 j C0 2 j CH 4 ojjSj sj jL Uk 



: JaJl 

CH 4 + 20 2 ► C0 2(g) + 2H 2 

(1. -) + x Y) + (VAo,Ao -)Y 

(i .-) dj^iiUi (ivv.v -) jjli 

lLl^LcIslIa]! (JjjSj ojl^a. — ^uljill (JJj^J ojl^)^ = c^jl^P^l jia-all ^fl Jji^l 

(1.-) - <WV,V — AH 

1. + 1VV.V - = 
Jj^ ji£ AAV,V - = 

. Jja. jLS AAV,V - = Jtl&i] <_s J jaJI ^ ^ jjiill .-. 

CaO (s) + 3C (s) ► CaC 2 (s) + CO (g) : Jcl£J! J 

^jJjoiSISJI JJJjS (j-a ^al^)^ _Jj£ (jjjSiiJ 4-aj!AJI sjl^pJI La 

- = CaC 2 ) j (iro.o - = CaO) s J J c^k. lit (CaC 2 ) 

. jLS(U.,o --CO) j 

CaO (s) + 3C (s) ► CaC 2 (s) + CO (g) : JaJI 

di^Lc-liuA]! (jJj^J ojl^>^ — ^uljill (jJj^J ojl^)^ = ijjij^ lSj^ ^ ls^ J^*-^' 

(>-»+ iro.o-) -jo^.v-) + ^ .,<= - )j— AH 

Jj* jLS £lX,r = AH 
M = (£ . x + (H x y) = CaC 2 t> J>JI <t£ 

, ^ t^— = CaC 2 t> f l jLS ^ ^1 cSJjA ^ 

) . . . CaC 2 (>« j»l j^. jLS 

CaC 2 Jj- - n£ = J^J <I£ 

= CaC 2 t> J>« ^ c.l jjjSU <*j^UI sJjaJ! 
^jl jaJI (_5 j-^ J ^ jjjult x djV j-JI .lit 

£ix,r x ^o,i = 



CaC 2 <i£ 



C_Kj^]l <La lAjj (JcliQ]! ^jj ^^ic Ajlij ^JC jl l_Kj^]l dlllj J-citJ 

: J^IS ^ J ajl J^JJ ^U ^\ JjUa <jj tllja. ^ 

CAI> AilklJI AiUJl L^lj |jj SjjaJl SJjUall L^Uill ^ (^) 

JjLu Igjlj jl* AilL (> Jal 4iLL AjsJJl CjIK j 4 l_Kjj 

t4jlj 4ilia ^ Jal 4jjl j^JI Ajalia Ljl j^. clulj j jSIuiaJI (—Kj^II 

. ojl ja-U JjUa (Jcliu (jC ^jjj 

CjIjj Ja 4 AilU cjij UK sJjaJl 4^U1I l^IcUjII <1U ^ (Y) 

jl^L<U IgjljjS^ AiUa (j^ __)Kl AiUa dllj 4^jU]| lIiIKj^JI . t_Kj^JI 

AH + 





AH 



1 



(r-\) jla 



^ HC1 . HF . HI . HBr : jJI *J lij 

cjb£ jJl 6 1a t ^jsll Je. Jj^ jLS - c YV^ - t n + t n - 



: JaJ 

. HI t j^i j HBr ^ HC1 -uL t tjli U JKl HF 



> £ 



: (\-\) Jlk 

(iLjJ^aJl 1 j i a£ jl j ^jJJ^aJVI \) » jl (j-a J£ (jJj^J '—"^ l\l 

^jjjjJVI - liUl jjoi ^Jjjjill ^Jc Jja. jLS AYY - t ^ ll^.A — 

. p jjj IujS J Jl J±kl ^ Jj.laJI - lalmJ V J tiL-^- 1 ^ ■^'■"^ J J'j£^l 

: Jcli&ll lLU^ : JaJl 
2A1 + -|o 2 ► A1 2 3 , A H = - 1669.8 kJ 



2Fe + ^0 2 ► Fe 2 3 , A H = — 822 kJ 



i_ 
2 

(jji Ajjj^J c.l±jl AiUalall ASlkll tlljtajl |j| jhjj i_j£ja]| llllli jl Ujj 

111 j^VI jj 

2A1 + Fe 2 3 ► 2Fe + A1 2 3 

ji— AH = - 882 kJ >- A H= -1669.8 kJ 



: (V-^) Jli» 

: ^pVI JclioiJ (^jljaJI <JI j^*^l ' . p 

AICI3 + 3Na Al + 3NaCl 

: ^ sjjjjill ^Jc NaCl j A1C1 3 t> J£ jjjSj Sjl j^. jl — j LJc 

. J>«/ Jj*jL£(n .,1 - ) « ( Ho.f-) 

: JaJl 

: t^)i»-a ^jLujj 4jjaiball Igj^U. ^ jj^UaJI (JjjSj ojl j^. 

AICI3 + 3Na ► Al + "3NaCl 

(iio,£-) (>^) (>^) ( ( n.,i-)xr) 

: ^ J jaJI ijJj^Ji jjjlS (jJaj 

lLi!>Ic.IsLAa3I (jJj^J Sjl^i. — (jJj^J Ojl^i. = A H 

(mo,£ - ) - n .,1 - x r = 
110, £ + \ vn.v - = 
Jj^jLs orv,r - = 

Jclsu j J j^. jL£ oVV,V — = JclailJ e£j!jaJ! (jr joa Jl ^ jjjuII .'. 



: (A- \ ) Jll» 

: Lai (C 2 H 2 ) oAjV 1 > cJ>* 

C 2 H 2 +^0 2 +2C0 2 + H 2 , AH = - 1300 kJ 

2 

". J\j$ Jj^ jLS (rir.V - ) t (YAo.Ao - j ^ ^Jft 
C 2 H 2 + -§0 2 ► 2C0 2 + H 2 , AH = - 1300 kJ 

(<_>*) + (ji^i x -2- ) ^ (nr,V - x Y) + (YAc,Ao -) Sjja. o^^xj 

► VAV,£ - YAo,Ao - 

AH = H 2 ° - Hr 

^ - \ .vr.yo - = \r* . — AH 
^r. . + \ .vr.yo - = ^ 

: ^ ^ je ( ^ 

. Jtla j£j ojl jail Jjlkll JcliaJI 
. Jlla j£j ojljaJJ (j^aUll JcUoll /j 

^M^M^M^ : ^ JjUUI sjja. (i) : J^i (r 



^jSj s J jL Uc N 2 . NH 3 . N 2 5 . N 2 3 . N0 2 < NO 
. (A£ +) . o +) . (rr +) . (n . +) : i_±£ijil! Je. J£ 

. Jj-/ J^jLS(AX +) « (£1 -) 

CO +^ 2 ► C0 2 , AH =-283.3 kJ/mol 

. CO Jj-« ^ » (jlji^l ojl ja. l . Uii-sl (l) 
• CO (j-a j»l ja. ^ £ ojl ja. loin's I 

. Jja. jLS 011,1 l^il JiaJ Juc ^L*J ^pll CO (jr) 

. (U - c,u-o] 

(YAo,o -) t (V^l -) ^ fr UJI jUjj Fe 2 3 jjjSiSjIj^ Cii\£ lil (1 

: JcIsqU A H <*ja i-n.nJ . ^1 JA\ J j*. jL£ 
Fe 2 3 + 3H 2 ►2Fe + 3H 2 

(jlj^a.! ojlja. (jl t-^ir- lil C 3 Hg (jljjjJI jl-c- (jJj^J *j'^>^ *■ . u "^*' 
cs ic *.LJIj C0 2 (jJj^J Jj^ (^A,o — ) (jbjjJI 

. Jcli&ll AJjUuo lJSI ^ . Jja. jLS (YAo.o-) t (£ .1-) 

Zn + 2H + ► Zn ++ + H 2 , AH =-150kJ 

(<JLJ (J jk-) (J jL.) 

,_ ) lsJj*^ Zn j HC1 <— b^iai (1) 

. HC1 

) = j^jj^lj lo = u^jUU a!£1\ J CaAc lit (^r) 

y gjijii j^jj^ij 

JOAS. (j* ^ HC1 (jhrt^. (j* iiLjJjj£JI jhns - 1-^"i-.'l |j| (^ 

w 



Ajjj^a A^LaaS ALl»-aJ ojlc AS u^-'"-'^ (Jcliu (jc <*< wTt La-lic 



Jla 



2H 2(g) + 2(g) ► 2H 2 (g) 0) 

? Ac ju> ? (illi dj^j 

' ■ bjia II (jl Jlau IaIu ^/Ha3 ' IgJjJ^ Acjjoi ^ 3 jjl j aj£ II clDlc-laall ' allaJj 
o-luiSl) Iajl^bII (jjjSil ^bi AajJail .IpaJI ^tia>J (a-lui^l) Jjjl^ J^^- Jjjii.j 
j-a jjjLall ^_ya f. ja. ^fl lIl^Ic liill ^J^utj I ajjj Ajl Jaj La£ . (tiJajl 

Cp*^ J [ Jc^l J-l»-a ] : ^gjllaJ^I Jcl Soil I4J ^JJ ^pll 2 C. jjuJI cs -<ujJ 

A^jlill j| _4a1I (_£.la.l I4J Jgiai j AlcUlaJI J j^J! (^.laJ IgJ ^^iuij ^jjJI Ac jjoJI Aj 

• L>0^ JJJ"* £-* Jc-^l C>° 

(jl ^.jiaiuij £-* aIcIslIaJI jlj^JI j^JJ ^ jl 1 aiill liuibaj 

tjJ^ia (_Uj]IaL (R) l_fijaJb <^_L laJ3 AS j-ajj J (Rate) JcliaJI Jjbt* 

• L>0^ J^ - ^JclilaJI ojLall J^a-a 

: ^aljiaVI (Jclioll 
A + B ► C + D 

: (JcliiJI J^a-a 

A [A] 



R oc 



At 



R = — k A [A] 
At 



YY 



(oc)j t Sic jilLaS jjj (j^aU >jj (A) IjL ^J^V 1 t-ijaJt 
(jx dlV >*JI tuilia A <lc.U*uil ajLoJI JJ^JJ [A] J t ' -bJ-Jjll <*!>lc. ^ 

<^fl (Jjlill (At) J ^^j/J >a) jJI t_J*£-<JI JlajoilJI ^fl AjIUI A Si-all 

cs ^u)Jj L_bJjull Cjij k . (t 2 ) J (tl) (jjJ^ j jJJ (JjUlt C^l ' t>jJI 

.ojl jaJI Aa. j j £-« laaa jjiuj 4-<ua j (Rate constant) J-ia-oll ljjIj 

•(t) (j-«jll JJ>« £-« "Uclilall SjLoll JJ^JM j 1 i aaj ^^Jc Jjj L-llLuJI 4-a!>lc. 

: (jli 4^jU1I SjLoJI JJg-la (J^M^ (Jclioll (J.i*-a <JjIj3 li 

A [C] 



R = k 



At 



JJJA £A ij^jl ^fl A^jUJI Si-all JJ^JM (ji <^*J aJLuII 4-avlxll elsuaJ 



Si-oll JJ^JJ ~~ 




cs ja*iaj A^jlill Si-all JJ^JJ Sij j ^'l^'l^ £c-UajJ : 

• (J"0^ <lclilall Si-oll JJ^JM (jL^aij 

: (Jc-lio]! jjc. 4_£^pJI tliLajla-all (_Ka*J ^^ic LS J^\ (Jj-laJI 



CH3C1 + I 



CHJ + CI 



Y A 



[I-]M 


*,° 






.,ro 




(t) 


jq > .-t 




n . 




U£. 



1 A» 4 _ s jJax <_g-iawj (JclijJI AjIaj (j-a (jjr ACjjoj (J^*-a L_Uuaj (l) 

. Jclaill AJ.l> ^Jr. 4iuib 
^ £ £ • ^gla. j <Lib Y"\ • (j<4 iiA\ J!>ti. (I ) elaiaJ \c jut Jj»-a L-bmaJ (t_i) 



= Mil 
At 



0) 



At v 



(»,n-.,yv)- 



'*s.y*j£. *£y& &by& 

? ^j-laJ (Jc-Uj 4£.JJaJ (Jav*j (j' ^J^"'" 1 '' ' J ? I— SvUa»VI I^A (-Jfulll 

I jj La J^j <bla!aJI ( i jJI J ) ai-al] jj&tyl Jill S.mU jjj 

(liLjlill Iji n^Jl) (jjawjjiill 1j i u£ jl (JclijJ ^/llla . lillj til j Jaw (Jg-uJI (j-a (jlS 



: JjjS CjljjjaJ ^JjJ&WI Jill 

• • • 

: n = o : : c = o : 

4jjxx<a IAjjoiS (J»^>J CO 4_A>b ^-^J ^J^J^ 

. NO 4+>\M 

: (JcUjJI ilia . Jajl jjJI j\ i ^liaJ 

Pb (N0 3 ) 2 + 2KI ► Pbl 2 + 2KN0 3 

2N 2 5 ► 4N0 2 + 2 

iajjj ^1 Jajl jjll jjo^Ii jV (N 2 5 ) Jkj "jV lilJi J *-ku <iil»J 

. O2 J NO2 J^l {£ « J-« U-^' L r J ^J^ ^ 

4jJUJI ojljaJI 4^.J^J lilji tit Ax-jjoU t ja*JJ !>lla aaill jl iia.!>lj 
jUc ^UiaJI (jiti . 4^.ilii]| ^fl JJjiiil AijC. Jla Jjb jlS-a jiaaj liUi] j 
Cavlc-lioll Acjjoj (jx JjJm ojl^aJI A^j^ (jl ^jJaljj < jl j oj£ (Jcliu (jc. 
t_ac-LjaJ 4jjla tllL^.jJ ojjauu ojl^pJI ^a.jj *^rU U' "^J ^* J-"^ J ^j'^J'vftty 

^ jlj ^ jUajSJI JcUjII Acjui cs ic ojljaJ 2 ^.jj ^liujl jpj £jl 

4_£^aj| 1 gjiUa a^bjl 4ic.liu.aJI j| ^all tllljjja. <Cjjoj ojbj (j* 

AicUlaJI cjhVjJI I a VI ^ V <_M&1I J Ujj (Kinetic energy) 

^ j&La IjA j (Jc-UqII J^»-a i j AicUlaJI i jjl jj^Ji i j LaK 

. Jl jjl jjSjJ ^ (R) Jcliil! Ja»-a jLaJtl 
^ (iLjiill jjjuaS J Jc-laj] ^jIjqjVI J^»-aJI ^=JJ (^ _ ^) f^J Jj-^l 

r. 



4l&I diuJJ JctJU ^JlJliVI Jiu// ; ft -r) fSjJjJaJI 





• • • X) r j*uUj/Jj-» 




NO 


o 2 


Y A 


Y . 




\ 


oV 


Y . 


Y . 


Y 


1 ^ £ 


Y . 


£ . 


r 


YYV 


£ . 


Y . 


£ 


1 £ 


1 . 


Y . 






sail ^gi (jj-N ui£jVI JJ^JP aJlb^J J)l jVu>tlj Jjlx-ail -ia^V 

(jja-ujSjVI JJ^JJ AicLjax (jjj . liLjJiill 1j i nS jl JJ^JM <— All Aic V t Y i ) 

tJiUjJal a*jJ J-^J jjji (£ £ • ^1 Y ^ Y . 

. Jcladll Jaa-a ojbj Jljlbj ^aaJI 

: (Catalysis) JLJI (£ 

jlLl JcUuJI 4jLj-AJ La£ ^jifj J J j»a]| (jJj^J j L_ljSjJ ^3 

. o^cLuiaSI Jd_o*J! j! ojliaJI jIj^JI ^j-ajjj jIjaS! 

. ^^aJI ajoia. Jib AjjJaJI Cj!iclaji] o jlaa. Jal jC V) <j* La AjaJI 

t i£j V a°VV ojlj^. ^jft Jaa-aJI ^ jSjJI a !^la3 

Jkb AuiSLu LailJ 



C 12 H 22 0„ + 120 2 ^ > 

Sucarase 



12C0 2 + 11H 2 



: [ Mn0 2 jji^l 
2KC10 3 + Mn0 2 A ► 2KC1 + 30 2 + Mn0 2 

. jjLluiJI Jajljj J* • oSj ^^Jc JC-LoiJ 
: jiaJI (j^ (j\c jj liUljA 

t 4JcLua]I jl «ULa. (jjiij ^ jliaJI (_UUJI jj^J (jjula-uJl jiaJI ^ 

Jli« . AjjUJ! AJUI ^ IgJS aIc-UU ijJIj jlbJ cUU.il jjlj 

: 4^Lu^]l ^ (VI) C^j£l\ 
2S0 2 (g) + 2 (g) + NO (g) ► 2SO3 (g) + NO (g) 

(I ) AjJjJI tllljjjl -I -\^",,\ jj 4 (tdjJJjASI ,jilA^.)(VI) C-UJO^JI iJ>1A-\ 

. (jj^jjOOgJI ij 1 11^ jl (JjS liKiu jiaJ 
2H 2 2 (aq ) + I ( aq ) ► 2H 2 (^) + 2 ( g ) + I (aq ) 

j| jA\ ^Jla. JJC. <lla. ^ ja^ Jl (Jxbtll J"'^ aluJI JJC. jiaJI Lai 

<SUJI <bUUI ji^Jlj 4 LL^> jliaJI J*LJI JjSj 4 4ic-UU 

^ (Pt) upui jifl e ^iuu (vi) i^jjjSM . ^juai 

: jlto. J*U£ SuL^JI 

^ 2S0 2(g) + 2(g) _ + Pt (s ) ► 2S0 3(g) + Pt (s) 

CH 2 = CH 2 ( g ) + H 2 ( g ) + Ni ( S ) ► CH 3 — CH 3 ( g ) + Ni ( S ) 

. jlii. (J^lc (jjJJ (^1 — frlaojl CLi j^aJl tjjla jjc. jl£ I jj tli jaaJI j-a McUj 

. OcLuwJI J^laJLl jliaJI J^laJI ^^-ajojJ L)Lli.t 



Uj^C. (. ^"l-NJ At jl Tift till jjai. j JaJjaj ^LLaJ^JI (JcUjJI ^<U ajlc 
^jla ^UaiS Jclai (jc ajbc a jlai. jl <ia.^a J£ i Ajjl^aJ^t tli!>lc. lioJI t_a!Ali.lj 
tjj^j jSluu] (Jcliuj (jl Cluij V "Uajjoij ' " '1 & j « (jc ajUc 4^j|jj (jjSjj AjIIj 

LjljkkJb j^j jja.jj^l JjJjj jJjSj] JjJI jj^jjJj^SI JcLaj 

: 4j&\ 

Ki 

I 2 ^ — — 21 ( ^ ) "t> 

I + H 2 H 2 I Zjujui (Y) o jLa. 

^ K 4 

H 2 I + I ► 2HI tt^ (r) Sjkk 

H 2 + I 2 ► 2HI ^1 Jftl£ll 

a^A (jLa ^^-ttJoU liUi] j AjWI ^ a jjai. Lkjl CJ Jc (JcUill J^a-a .La4xJ 

. evlcl (Jclsull ^fl (V) a jiaiJI JL* Jeliull J^a-a] a i la aJl a j Lxa H j a jiaiJI 

¥ ^u^Ji jciiaM aj j=ji ^ jjjj iju 
i jji jjk^iJ ;u I'w.hl ijj ^u<u^i jciiaii j^j cj^j iju (r 

¥ <ldiLJ 

¥liUJj¥ >VI a- £jJ u^VI uM^I ^ (* 

H 2 + l 2 f\ 
NaCl + AgN0 3 /m 

. JliaJI cUUJI .jjc (o 



rr 



(Principles of Chemical Equilibrium) 



ajajj _jLa3lj t_l£lj£ j»a AjjLajoi al i ua I j»a Aj Laj jj£JI J) Jaill Aic- 
aiu tlul ? lillj <— Uui La3 t Ajc £^>^} V tdis ^^P^ W^-* L)' ■^•^ 

t 4jjlj!laj AjjLutLa lg-i2J a il ■ <3lJ a jjaj t _ (^J^ L^* 3 ^)*^ ^jJ-axm <J^ (j' 

<J-*ajVI JI Jaill AiCj . ^)<Ui,nrt ^^^a. jljpl Aila. J aluia-VI a^A (JxaJ I^Aj 
jj-aliaJI dlljjJ jAljiaJI ai& L>*J ' Lj'jW J^ ^AljJall j><a fjJJ^ (_SJ^ 

JJCj . jja-jjlillj «.LaJlj jjJj£JI 1 j i a£ jl ^yilj ajjJ (Jxa a J ( ~ 'W^J-^'j 

jSjoJI <luij J ^/Ixax (j'jM^I ^JS^** LSJi^ 'S^' tllljjlSJI aluia.1 (Ja.lj jiaiJI 
ASjIj a.l3l J jSjoJI Ajjaii (jl alu tluli . - 1 ua II ajlja. 4a.jJj ajJI J ^!/LaVlj 
jc clijl j I jji t ajai 1 • • / al jaaLa ^ y » — A • jjj ^.L jJ*-a Ja. -iic 
< LgJ«-3j Jc a i ua II J-a*J liljj jC ajj Ijjj t 4£.JjaU Ig. > Jc. ajaiaJI (J-a*J 

j£^Uj jSjoJ! ^lajlujlj jjjaJ IjjLaC. LaA jijjLjaia jijjLaC. (Jl>la. (j-a lilljj 

^jljja. ^ ^ jj£Ja ^jSjoj 

jj Jcliu <S jjfli jl jjl <Jla. J alkj (_J£i jl h^.!^J <LI*a1I jya j 

( < > ) j;iu£l*Ia j ^-uu la$J jLiu (jAuiSlsla jjAUul 

c^tUiii ji ji jjUj ^u^ji i^usm ji jkai ^ 

aUj^l) AkULaJI JijJi d£X£Ji t_aaj£] ^.Ij aUjI J jjluu ^U^l 

(jju^nil aUj^l J jjluu Jll t 4,^1. AjjU^JI LJ^tliill aia^a ji Vj t (^L»Vl 
<Sla. Jl J jL IjlA j t (4jcUlaJI jl j^SI jj^jJ JcUjII ^ul jj Jcliu ji (JiaJ aLajl) 
Laj ? 4ja ajJ^aJI (Jxlj«JI Laj ? Aj^ajL^aa. Laj ? (jlj^^l ^ ' jljpV-J l_Sj*J 

? IjjUa. J jljjVI dlllniaJ 



; luAtldl jjp j luAtUI IuLmSSI CdleUjll 

^Jl 4_iLg_j IgJjj-ajj LjJLajSI ( " \y\ j»a AjjLi<uSJI lLi^Ic-IsuII ^aJ i uSj j£-*J 

4_l3 (JjaJJ -la.lj slajl ^fl CLlSIcIslj (_$^J • (^-uiSjtla JJC.) <Lalj lLlSIc-Islj (l) 

: ilia . Aajlj j| 3* J) AJcULaJI j| _jJI 

2KC10 3(S) ^ ► 2KC1 (S) + 30 2(g) 

NaOH (aq) + HCl (aq) ► NaCl (aq) + H 2 {y) 

4-a!>lc. jl i ^uljillj tlL/Lc-lalaJI jjJ I ► ) .la.lj ^joj £jJajJ Lj-l3j 

• ( ) 

jj ^ i aJ a (jl&lajl J JjluU dl>lc.lij (^-u&tia) 4-alj JJC- LLi>lclsu (c_l) 

t Aajlj i J) lab" V jaJ AJcUlaJI .il 3JI l^JS J jaJU V J ( cs j-£»JI j ^LaVl) 
.la.jj ' " Lia t ^uljillj tlivlc-liilaJI jjj jl jjl AJla. J) (Jj-aii 4 ut ^ ojpa IfrjSJ 
AlLal (j-aj . jlj-aluibj ' _ J) Lia. (Jc-lijll jja. ^uljillj dl>lc. liiLaJI 

: cs^m\ 

2S0 2 ( g) + 2 ( g) < > 2S0 3 (g ) 
CaC0 3(s) -< > CaO (s) + C0 2 (g) 

: Jtill -LLiulb ^ jljftl <SU 

: (\-r) MJu 

J cLaJI j^ Jjla jja ■ nijJ AjL^all KMn04 ^Ijjij (> L-LJal 

. <cLui <a.L>j 

.l*Jj t La 1 ail) tjj] Aj Lja aJl __>?JI « . luu£t j <— lli ^claJI (jl iaa.!/lj 

. *lajl *l 

^ r j^ill jbjjl Jia.!>lj . AjL^II KMn04 (> t-ai-al (Y 

4 KMHO4 (j-a "-r^jj j> eLftll S£ i^-'^"'"'-' V t-ia. Jj^} (^^- J jia-aJI 

.AcluJI <b>.la.j J L_bojjpj Lailj t—ij^j V dllladojj]! (jo oJJ^a. 4iLjal (_£lj 

ilia li alj jjSjoi AJla. J) (Jj^sj ^Uaill jl jAjj ^) -laLuiill j-a 

<Sla. IjA jl JiVI J . jl Jil AJU. ^ ^LkjJI jl J jaj UAic j t AjjIj i j-aJI jj£l Jj 



lllja Ijla (jj&lajl ^ llljaJj 4joiS*1<s 3 jjl j <u£ ji AOKJjJa dlljjij 

da j\\ (jjiij ^ (_ ijjj 4 jji CiUa-iajJI tliliija. jl tll^a. (_£ill 

'*^''?'"J. < — '^U^ 1 UJ^ UJ J AjjIjjI '<■>■ '"J.'^ '^3^ (J** 3 *^ <-rA"J^j 

jjC ACjjalll (JjijjJ diajll (JJlflj (' . "j"'^ J (jWj^) y j^"'^-"^ ^JJj . AjL-a 

^UailJ jjajJI (j£-*J <iUj Jc j JJJUJ IjJjj jl£ jJalil] jJJJj t (jl jj^l Alia. 

: ^ jjU 

Jc (^jp) yrVApj ^jj-M c^i^ 1 J^ lA" ^ : <->>^ 

^^aLaVl tjcliaii Acjjai (_£jluUJ ^gjlxajS (Jclij ^fl Ajl .1&.J 

JclsaJI ci^Jj ' Aaulill j AJcUIaJI jI jaII jj ' - ifij j t ^gjai^xJI (JclsuJI Ac jjoj 
jjc (Jclsoll jta. oj j^. ^ul jill j tlL^lclalttJI (j^iA^. C ul£ LalUa (jl jj! Alia. 

Ac jjoiJ (jl JmVI Alii. Jclsull Jj-aJ J3 j t ojl jaJI Ai>jJ j ■ CAIi 
J ^jjj^aVl JjjjJS jJa-uu ASU. ikb JLi<u£ (Jc-lai J j' j^' (V^J^ 

jjjjK jlcj jjlAj jlc Jj (JjaJj ^jjjj^VI jjjjK (jl .lxa.!Aja c jlii=>l Ajjjjl 

: Ajjla-aiJ taa j jja. II 

NH 4 C1 (S) ^ ► NH 3(g) + HCl (g) 

. jliia.VI Ajjjjl (jx i—ljuHi <-lll jliJI jV ljIJmI AiLaJ Jcladll Jj-aJ li& j 

: AJjla-alS taaj (jj^jj-iigJI jjjjK (Jcliuj jjLaull (jl (jaj 
NH 3 (g) + HC1 (g) ^ ► NH 4 C1 (s) 

; jA ill Jag la (jl ? Aaii-a Ajjjjl ^ ajjjj^VI JJjjK (ji-uj Ijj ^Aa-j IjLa 

. HC1 j NH 3 c5 jli Jj ^J-^ ^M? • ^ 

NH4CI U jljj ^UL HC1 j NH 3 jlc (jx Afmlla tlllo-aS (jj^ . Y 

. Ltt^JQCjjaJ (_^jLuilj (jl Jj ^i.ii^tJI j ^^.aLttVI (j^clioll J<U,i,iUj 
jl AicUlaJI jl j-aJI t-jb-aS (Jc JJ3U (_^l IjIaJ V (jjlcUiJI Acjjoi jLuij JUC .V 

t (jljMl Alia. Jj Jj-a j ja Jclidll jl J jaj U juc j t Jclsoll (j* Aaalill j! ^aSI 

: Jllll£ (jl JiVI AJU (jc jio^l Jlilb (jl<uj 

NH 4 C1 (S) - NH 3(g) + HCl (g) " 



Y . 



J jjitf ^bjj ^ill 0^) u»>V! <1U c> J^l U^Jj 

• f cjcliull Acjjoi 



auVi j&u&n 




JftliSllj ^UVl JcUEjll jjj a£UJI U . (^-Y) JLSII Jl jkJ 



C5 - 



(5 jLuii ^gjai^xJI JcUjJI Ac jjoj j ojjjS ^LaVI JcUjJI Ac jjj jj£j AjIoJI J . ^ 

JcliuSI Acjjo) JjIjjuj <_^aLaVI (Jclijll Acjjoi (j^aLnj (j*^' JJJ"* £"* - ^ 

. ( (Jcliall qa A^jLill j| j^J! jjSjj ^ ^^jlill AjIjjII t.unij ) cg .>..iS».SI 
<Jx<aj ^g-i.^tJI (JclijJI Acjjoj ^« ^^-oLaVI <Jclio]l Acjjoj ^jLuiju La.iic .V 

. JjtiS aSU J\ Jcliil! 

? (jl JmVI aJU. Jl Jj^aj Lalic Jclsull t_aa Jn Ja <j£] 

Jcjjoi (jl <-ll.la-j Laj t tj-aluix (jj^J ^Ij-aJI (jJJ (Jcliull (jl l_ljlaa3l dl^SI 

JiaJj lie i\iLaa . bSLui (Jcliiill j^jj lj] t jbjluiij Cg .>,n^->J1 j ^LaVI JclioSI 
l^ic ^>«j (jIjmI aJL^. J) (Jclijl! (Jj-aj (3i»-« *lcj J ^jjjoJISJI tliljjjjS 

CaC0 3 (s) ^= ^ CaO (g) + C0 2 (g) : 

J*J iaa^b CaC03 A-J^a UJO^ till (Jc (J J^au CaC03 AiLjal Oic . ^ 
-la.jJ (Jj CaC03 J JaflS -^JJ ^ £->lA\ jjJj^II till jj jl (j-ajll (j-a ejp3 
. ^-alaVl aUj^l J Ji^J Ajl Jc J.11 Ua L^i C0 2 fcllUjja. J 
Jj CO2 (jjJJ^ J& cSj^^ UJO^ AluiSji (_5-j^J jlc- AiLjal Jic j . Y 

(_5ja.VI (_JjiaJj ^jJjoJISJI tlllj_oJj£ (jl ojp3 .1*J Ja^Lj (jjjlall (Jclijll 

. ^i.i&tJI sUjVI J JcUdll jIjaIujI cs Jc JjJ La-a CaCOs ,*J^a (jjJjS ^^ic 



V AjjIj (Jclioll tllljjS^ jjSIjj /^fij ' ^^JoJ^JtSlj ^^-aLaVI (jjAlaJjVI ^ ^)<u.i.'U (Jj 
. ^^JoiSjtSI (JcliuJI ACjJo) (_£jlu)J ^^ttLttVI (JcliuJI ACJjoj (jV < <j-*3^ £-* J^*^ 

(Jclidll IjC jut {J jLuHi (jl (j* V (jl JJ^I AJLi. (Jclsull (Jj-aJ ^^£1 

? JjiVI <SU jj£ ^1 JJjJI Ua . ^,,,^11 JcUiSlj ^UVt 

JaijJaJlj i. AJc-IslLoJI jIj^JI jjSjJj t ojl^pJI AswjJ (Jj-« (JxljaJI (jl 

^ j-^J (j' 4-"J^ • AiclalaJI jl ^aJI ^^ic lAjijUj lillj j (jl jjVI cs ic JJjM 

. (^m^ll Jcliil! jLuull JA J (^UVl Jctfil! u^ll Jj (jljpVI 

4j»-Uia t_ijjia lllaJ (jljJ^I AJLaJ i*'^"' ^^ill AOK-Uia]! djljjsti]! (JJJJj (jljM^I 
:^Jc. (J-ajj 4 „'V^ ui ^ji oJlcli ^g.fti.iU < ^alc I jl« jl oJcla (Jj-ajJj 4 °1"'-*- a 



" Dtj^t S >>JI J*l ^ Jj*^ |jj 



I jji t AJcUlaJI J ^aJ! jj^JJ tiJ^la L-bJ (JcliuJI <Cjjoi 

. (^LaVl Jclidll) 4^jlill jl j^ll jJjSj sUjI ^fl ^1 jjj (jljJ^I <j]i U jj£jJ J j 

jl j Ijji A^jlill jl _oa]| jj^jJ ^ tlJ^>ia ^LLaJ^ll Jclsoll Ac Jjoi 

Alc-lalttll jlj^JI jj^JM (JJ-<uJI jaj AjuJayc JdijJ (jljjVI (jl (jft 



YY 



'■Hi;-* 



2S0 2 (g) + 2 (g) ^ 2S0 3 (g ) : u>ll d^l J 



? jl Jtt! .lie. S0 3 j£ Ji J AjM CjI jjiSl! <> J£ Jii U 

. S0 2 jjSjssjbj (\) 

• S0 2 j£ jj <_>*^j (^) 

• S0 3 jjSjj (V) 

: S JjaJl 4ajJ jjjU 

Jc-laj AjUS .lie . ojljaiJ 4j-aU Cajj oJjUa Co) AjjUxAII tll!/lc.laj3l 

JjCj < aJc-IslIaS! jIjaJI <-_ul^ Jj a ■ alJ a «Jt ojljaJI laj ajljaJJ <_>aLa JLldjS 

: L^C-lfiM ^ . Jcliill 

CaC0 3 (s) + U J* ^ ^ CaO (s) + C0 2 (g) 1 Jclii 
CaC0 3(S )+ 158 kJ ^ — CaO (s) + C0 2 (g) J sjjaJl 

H 2(g )+ Br 2(g) - Uj* ^ — 2HBr (g) 1 jjlL Jtlia 
H 2 (g) + Br 2 (g) - 72 kJ ^ ^ 2HBr (g) J sjj* 11 

? ju-Ali Jtiiali J jl JWI <iu jc; s j jaJi ^ jii u ^ 

C + 2S + Heat " CS 2 J Ji^U " 

jjjSU S j C jUil ^ </l sjjaJ cs-*^ 1 J J&ual» 

• CS 2 



. C j S ujjSj] CS 2 ">Jj* Lff^ <J Jc-Ual» 

ojl jaJI j aJ aJ ^gjll 4^aJI jaJ (jljJ^I £jJaj^ (Jj-«J ojl jaJI 4-^J-i (*-3j -lie- (V 
jl JJ^I j^}) CS 2 (jJj^ S J C dllljja. <jia*J jlaul t ol 

• CS 2 j£jM JJJJj S j C t> J£ j£jJ oaajj ^Jtilbj (lJJaJI *JalS 

? ojl jail <_K>L« cJclaj ojl ja. 4-^.jJ ' " ' 1 I il laJ I iLa 

: ojl jaJJ JjlUl Jelsull 4jJj.1 Ik. 

H 2( g) + Cl 2(g) -Heat 2HC1 (g) 

: J 

. HC1 UjSjI H 2 j Cl 2 ^ SJ jaJI j jk, ^UVl Jeli&ll 
. H 2 j Cl 2 <>*^ HC1 ^ Jsi sj jaJI JclioSI (Y 

ojl jaJI (j aJ aJ ^^iJI A^jaJI (jl jj^l £jJaj^> (Jj-«J ojl jaJI 4-i.j.i £3j .lie (V 
u'JpVI H 2 J Cl 2 HC1 ^ ^1 SUaxJI 

. H 2 J Cl 2 (>a J£ JJ^JJ ^-^JJJ HC1 j£jM c>^ijj cs^Wj ( J^^l 

? ojl jail JjUa (Jcliu ojl ja. J ui; .lie I iLa 



: (Y-Y) LLij 
: 4ja ljIcI jaJI bU j t&J j£ Jtill J jAaJI Jail 













ojljaJU J-al-« 












ojl jail JjlL 









Y£ 



: iaiuJal\ jjjLj 

j j^. jj j! jjVI aJU. Jibci V I t jl^laJb ^i.^tJI j ^LaVl (jiAUj^l ^ 

— AflJjlaJ jjLaull Aclii-aj (_£jaJI frljg-M ^ ClljiiJI AaJl*»a (Jio A-lC-i u^ill 

: <_£jj — jjU 4Ljlaj jjLul^I Ac-LLua 

j' aaJ A&1 L alt < Am^,jjqj]l o.lajaiVI Aclii-a ^ jjLuii]l (J^JJ 

Fe 3 Q 4 _ 

N 2( g) + 3H 2(g) { j^j^r 2NH 3(g) 

Aal£j (jj^J ' " Lla J LjLaJj jjLoull ^b\iV <-<u>LaS! t_SjjiaJlj ^l^i £l\ isiaW j 

(jlJSVI *aJ jb fij jJUull ^rbu] J i^^b Jeli&ll aLI*J jkil! . Jal ^t^l 

tlaj iaijj tlliaJ (jj^J A 1 j «Jt ojl^pJI tllb>jJ .lie (Jclioll (jl Jaa^J 

• Jjtl 

. Fe304 jA JcLulo J-alc. -I laJLail i aKjIaII sAA tllla. 
^ Jtlioll Jjjj Aj^J t (jljjVI <SbJ Jjj^ajll Acjjoi Jjjj ^cLawJ! J-aUJI (£ 
? JaJI Ui t Aaalail NH 3 AxaS Jii IjlJj ^>.,^»JI j ^LaVl jjAUj^l 



(jl La£ t (jjLaiill (jjjSj^ (jJ^I J^i (jlj^VI AaJ j) (_j.Sc (Ja*J Lut i all s-iljj (° 
jaj (jlj^VI AaJj) LS^ C ' <-J* tt: S (j^Luijll j^J^ <_yaj) (jjSlttJI jjluull ' ■ la i a 

• iW 

? N2J H2 (j-a J^ljoull ^llij a^L^l AfuiliaJI l—fijjlall La i (3fui Iao 

: jjLiull Acl L ^ AjjojUaJI t_a j_>iaJI 
. ja. ^ » » « — V • • ajl^La » <a 

. ^eo, - £0. Sjja. Aa.jJ (Y 
. jrLuVI Ac jjoi o^Ljjl Fe304 ja jcLuw J^lc AiLual (V 

O-ilcj ^aJ (Jjlul <LjaJj (JcliuJI -Ljojj (__>A 4 la 1 " J*J (jjSlaJI jjLaljll 

. <_£ ja.1 oj^ !>IcIsl1iJ Jclsul! iajoi j (jjlclalaJI jjc H2 j N2 



Cl 2 (g) + PCI3 (g) - Heat ^ -- PC1 5 (g) 

: ^c PC1 5 j£j>j4Jti\ £A j^l J£ jii La 

. PCI3 Aiu^j (i) 

. Jclaill «.lcj ^ CI2 ' . ^ 1 " ( L r J ) 
. ( Jclajll *.lc j ^ <_>aaj) ^a! jSI ■ alt sjbj (jr) 

C + 2S + Heat ► CS 2 

: .lie CS2 j^JM J AjjVI tllljjijll (j^ J£ JJl La 
? *.lc jJI (j-a CS2 ? S AiLjaj (l 

? .IcLuba J-alc AiLjaj (:> ? laiuJall ojbj (jT 

. ojl^)aJI Aa.jJ j'^ 
? LcLik^a H2 J N2 (j* j.lLuiill jjj^aaj] AjjjllaJI l_fijjlall La (V 

u 



&ljJI J-tfyJI ( t) 
(Acids and Bases) J*l£fiJI$ jdU*2l 



I jl j^ll (t_llSjp ) <bjj jc <b>jJal j oj£a JjI jVI jJJjb<u£]l (^.J j£j ^1 
^gjbjju tdlil 4jj»aVI ^cjJajlj . AjjLi<uSJIj 4_}jbjjaJI Igjlsu^al taJJ bjJ (jlS 
LaxJa Jikilj jj^ulll jji fit! jl (JjIjVI (jjJjLL<uSJI l_fijC jia . Jcljillj ,_yiaj^aJ] 
j\ i ^ . AjxjuLJI 4jtl»-aVI <^V<a*J (jjJ jlj-oJI s^A (jl IjIa^V b»£ • bjJa^b*. 

I tilliS . JiJI J*ij (illiSj t jL-aVl ^LiU J j«*J jjlll j>aJJI 

(j^Ual tilli] . jja. jjJjgJI jlc- (jllaij ^ jJ jjlii-allS jla Jl (JiJI ■ al ■ aJ LaJjc Ajj 
t ^jJaxlaJI -■» LJ1 J JJ-aJJ J^ jljxJI Jc ,_viaLaa.VI ^u>\ (JjljVI (jjJjb-ajSJI 
jlc. ValU,, till jlaJI <_>a*J £-a (Jcliollj t j^a.Vt Jj (JJ-ajaJI jbc jj] Jjjijj 

Ala i_a^)C. J3j . JjjjVI J) (jj-«jaiil .ibc (jjl ^3^' <_>a-ala]lj j-a]l 

; fr Laj bs*la AjJaa a JcljiSI ^ (JcIslu (_^L<^.VI (jl (J^J 3 <^jSj 

^La + £tla o^C-la + ^uiAi 

c.lji Ajubla "SA-O ^J^S Jc- tlia»Ja o^clflJIj j'-^-^ II i_SJj*j]j 

(j^aaJI i_ijc (Lavioser) ^uijjaV cs -uijjall ^Jl*ll ^$ia c c.UkSI .n*] 

lilJij jja-uiSjVI 4-ia.uU di^La. LiA (j^j . jja i u£ I 1 g jjS j"' J J^Jj o-iLa 4jb 
I jlj frLalaJI j-a 4c j*a~a jl V) . (Oxy-gdl) (>3,aaJI J ^^j^J j ajaj^l 

jl£j . (_^aAaJI L_uSjM J jj^.jjJj^JI -i_a^.J Jl A J' <a II 4 all l_oJjaijj jl 
ojj Jj Jj*J ^JjJaAaJI llllina]! jl ^Jpsl j-« (Jjl (Jjj^jAjI ^JJjjoiJI ^JbJI 
Cjbjij o^C tlixjJaj frbyuSJI jjai (J!>bvj . jh^ \ l l^JjaJ jll jj^jjJj^JI 
: Jj Ui CjbJiJI jl i a aa II cjjluill i ■ uSu] 

•. o*j^J\ *vjoa'\a^5 fc^VMij o^i\ ^-i^ 

: 4jb ^iaAaJI ^jjjjilAjl ^JUjjaJI ^aJlaJI t_ijC. 



. (H + ) cj^JJ- 5 ^ 



^J^JJ- 1 ^' UJ^-? ijj*-*^ ' ( H30 + ) ^4^A ^^Ic lllla aaJj AjjS^ c.L*JI 

: (Hydronium) 

H + + H 2 ► H 3 + 

: JtliSlI ^ 4JL^I jLoj *U (HX) jjh jj ^ 

HX + H 2 ► H 3 + + X" 



. ( OH ~ ) i^Sjjiiit> 



HX + H 2 ► H 3 + + X" 

H 3 + X" + MOH ► MX + 2H 2 

HX + MOH ► MX + H 2 

4 C0 2 Jl* Cjljl£U! AualSi (illi Jll* j J^JI liljiui *U ^ liliuU 
dlljjjl lfcjj.ll (jjljJ LiajA^. LmUl c.L*JI £»* jIjaII i& Jc-liuj . S0 3 

' C0 2 + H 2 * H 2 C0 3 



I 



H 2 C0 3 + H 2 ► H 3 + + HC0 3 



S0 3 + H 2 ► H 2 S0 4 

H 2 S0 4 + H 2 ► H s O + + HSO4 



■kc j)A-\ a Jc lg_u£jj ^gk (_£jiaj V jlj^JI <_>a*J (jji ' (JjlLalbj 
l>a*Jj Lu ja$\ lilJj JtlLa j . Jcl jill lil jiui eLaJI J liliui j AluiS JJ.1)A 

: jaaJI Jfr etalt £-a i j-aJI £>^A JcUju . Ajjlall JjjuilSVl 

NH 3 + H 2 ► NH 4 + + OH" 

CaO + H 2 ► Ca 2+ + 20H" 

Jc (JjJj <JjLaJI (JjJLa-aJI (jjLuil Jc JcljaJlj j "-^ It Ajjiaill a^A l_fi^)*J 
sjLqc! j£«aJ V i&a (HC1) liLjjK j-ligJI (jlaxai t Igjl j J j^ll (jaLuil 
J lilliS a ji I (jS-aJ V LaiiJ t c.Lall J ( L_l jju ) LaOjC- V) 1 1 ^-i<^ 

.c-uJI "cilil 4-jjUJI <SUI ^ jl£ Ijl (HC1) j^u V eSUiS . (H + ) 

,_>*aljiJI (Jji»il Aj^lajJI till jjjoioll (_yia*J jLajj (j-a AJ V <Jjiaj3! a^A Mu^ 
jl 4 Aj^laill a^A loin's < • _ . c.LaJI J Ui j-aVI jlc- J jla «J AjJclall 
ajj^J (jjljJ ^jjjj^V! JJjoiSjjJUA c.UacV c.LaJI Ujj^V! jlc. (Jcliuj 

: 4-tala-aJI L-luia >U n^jjJUgJI dlLjjj) LmJ 

NH 3 + H 2 NH4OH NH 4 + + OH" 

. ( NH4OH ) jU jj aa.jj V <ii £-a 

dlljjjl -ij^.J OJJJJ- 3 t^C- ' ^J' ga^LaJl Aik^all (Jjlfcil <■ Ajjiaill e^A J^jJ (V 
JJC. tl J Iff *l lalml (jS-aJ V liUi] j . AjjLoII JJla-aJI ^gk jja. j j 1^ It 

tJaLoba JSj^jJ ^L^l J jla-aJI ^ (H + ) jJa- JJ-^I jl\ ±± Jl ^ j\\ ^ (£ 

. 1 laluil LaS (H30 + ) 4^im (Jj^jjJjA tliljjji (JSjou -^.jj l)j 

(jjMjjiii) (H + ) L ji^.jji^i\ yjji ijj (jjiuiSn i^a 

^ Jl ^ku Vi J^Vl t> Ajli ( H 3 + ) sU »UI ^ ^.jj 

: aJjI^I j fr UJI ^ (HC1) 
HC1 ► H + + CI" 

: «.LaJI Jj a aa It (jx (Jlaijl ( _ ? A 4aU*JI (jl ,jjLuil Jc. (Jj 

HC1 + H 2 H 3 + + CI" 

' J Ka» Jjl^ ajjjjJalb (jjuJ j'^^ II (jji ^jjLuiVI I^A Jc-J 

. JxJ LttjS ^ 1 aJJ 1 j La£ (j^ijjjjAjl 



tjiij (illjj Aijja-al! II ^gjJaoa ^ liljluill JAi.iiQ ^fl tli.nb.ul I jjj 

(Bronsted-Lowry theory) & ^ - 3 ja *a Jai - 1^ 

4j| ^C-ljillj (^y^ajfl^t \\ AjjaalL) (jjjjjjAj aafrLa 4j_a£jai j»a ^C-^)lL) 

. lilljll ejLi^n dlilm La£ a-liJa LllLjaljMcl 3-}£ Cljj^Ja La jlcjjai 
LSJJ^J cs^jtaj.}!! iiuu jjj : (jLallxll ^ASj (libjal jpC-VI aigJ A^Jjj 
j^j"^ II Jj*. o«^?> ^}J^J LafrJaa J (jc y j^°"' i a a ^ ^ Y V ale (_g jjla j^l 
: (jl ^^Jc 4jjjaill a^A . (jjjjjAjl l_SJ^)*J (j* Vjxjoi jpSl ^cljallj 



. jjS) ji £xj£jji j^V Jj-aJ OjLa 



1 1 ia^a ^ Sa*J t -jg Lall I^J ts3 j t o^C-li _j (Jcliu (jl .laJ I^SAj 

: Ai!>laJI L-Luia lilli j jj.ll.la. a jcla j 

(^)ajcla + H + v — (>) L_y=^ 

(Y) j^ca. ^ — H + + (Y) ajcla 

^ ... i » 1 

(Y) ^j^aa. + ()) ajcla ^ (Y) ajcla + ()) ^^aa. | ' 

jhi^-s \li t AialjflaJI ^IjjVI u'^J " J ■^cIjSjI ajA (_g-<ujij 

. (Y) ajclall j (Y) ^j^aaJI lillj* ajfrtall (jal 

: jjjltjll jJliall ^1 jkil (ill j jjI 

(HBr) (jJa.jjJjgJI J^ajJJj (HC1) (jJa.jjJj^l JJJjK jLutl j^u 

(jo (jl j) ajclii liA c.Lall jLucI (jS-<Uj . c.Lall ^ 1 a^-ul lie (jjjJaAa. 

uj^' uj^jj^' jj£j tlua. frUll tijjjjj ^i<u (HBr) j (HC1) 

<HC1) u^Jl Aial ^1 S^lill > (CI - ) u^l uj^j (H 3 + ) ^jj^JI 

j» jjj JJ^JI jjjl Lai . (HBr) (j^aail Aial jJI a Jclall jA (Br ~ ) jjjVl j 

: jiilUll ^ (H 2 0) SjclSll tja jJI tj^aJI j^i (H 3 + ) 



rv 



(\) s^tli + (Y) L ysu^. 

HC1 + H 2 ^= 
HBr + H 2 ^= 



(T) sOC-la + (1) (j^aa. 



H 3 + 
H,0 + 



+ cr 

+ Br 



Ajjiaj Jcljall ^ It di>lc.lij (jl (jjajLuill (jjlllLall (j* > ;-Tu 

^jJaijjj t o^C-laJI (_paA^JI (j»a (H + ) (jjMj^H (Jl&jl (Jj-«J iSjJ^ ~ 

cs lijj La-lic (HC1) jh^ll (jl ^ j UjSj (_£ ^ ka^ a lilliA 

(H3O ) L_la._a.all ajjjjjJj^JI (jjjl (JjlLaJb (jj^JJ eLal! ajj 4jjJj^)J (jc 
ojjj__U (Jc-liujj _>jMj^)J (jl <--~J (CI ) (_jl J^-^' l-Aj .(CI ) jjJlJ 

(CI " ) sj&lfllj (HC1) o-~-_JI AijlLuj . 2Lut_ Sj* (HC1) 

. jaaa (H + ) jjJj^H A^Iaj AjjjSjjl]! 4_i_>__l qa I bj e_a!>___VI jl ~ ' 
(jjM jjj l^-lij Laja ' V j l$jL_ I_a J j^ll 4_Laj_u cs Jc __■ aVI 

. 4_al j^aJI _cl j ,_>_a _8A_JI ^juil 1__2 __J j 

(CI " ) lJU! (jjjij t__w__ (HC1) j^o ^UVl I_a Jej 

L__Lu_l _J-a jjJI (jjjl j L-v-- (HBr) j£*Jj • J jVl J-Ull <_i <U 4__l^a o_cla 

' _cvt_ (H 2 0) *U jix^ jJllaJI . ^\ JllaJI <S Aial^a S_cvt_ (Br " ) 

. frLaU taal^a T 1 ;-i<^ (H3O + ) ^jajjj^JI jjJ j 

_C-lj_SI £-a ^j'-^j a-> II L_L/lc.__ (JAaJ (jS^-aJI (jo 4j| ^jJaijj 6^)£i (jjf" 1 




(1) o^aa. + (Y) aJ&la 




Aial jla 



HA 



+ 



B 

oJcla 



BH + 



A" 
Aial jla o^cla 



HC1 

H 2 S0 4 
HS0 4 " 
H 3 + 
4 



NH J 











H + 


+ 


Cl~ 




H + 


+ 


HSO4" 




H + 


+ 


S0 4 2 " 


(v 


JL-U, jji) 


H + 


+ 


H 2 


(v 


— ?-J" UJ^ 1 ) 


H + 


+ 


NH 3 


(v 





£4 L-lLJI <jjjVl JUjI AjLla UK j . 4j laljJjVI J JJJ ia-V <Lli 

Loiu 4jja o^cla (OH - ) iii.K jjJj^JI (jjjla . ^ jSI o^claJI <jja jjj jjJI 

£-<s (Jc-liuj LaAi*3 . T>>>^> j oJlC-la «.L<JI jlpcl Aijjjall o-i^J IxJJ j 

(jjjl Aialj^JI Ajjc-la (jjSjj T i ;-i<^ (jj^J uj^j^>A' 4ia 'SA?^ l$J a^U 

: Lu j^VI £«« ^JcUj LK ii.,nS jj^J! 

H 2 + NH 3 NH 4 + + OH" 

: U^JJ-^ 1 ^JJ^ US ^jjjjj^l jji 4^^^ jjljj 

H 2 + HC1 H s O + + CI" 

jLqcIj (JjJj lg-uiij ojUJI jLqcIj JcIjSJIj ,_^aj^aJI t_ aj*J J^3 < (jjjjilAjl 
V Ajjlaill ai& jli cs ia-<Uj . 4_pclaJI ji 4jjJaAaJI 4ju-all jjaiij ^ *Lall 



La£ 4 ( 4j.iC.la — ) ^ jill IjA (j* i_-L/lc.laj <LaJ j 4 (_£ jkl ajLa 

a i aLLJ V ^^jJI oJC-li — (jlaAaJl dilclij ,jJa^aj l_fil£ (J^J^J (J-ajoU V (_SJJ^ 

: <j* J£J Aial j-aJI jc-I jail j£jl 

HS0 4 " / E H 2 S /m hcio /i 

HN03/-A H3P04 /* 

: CS^ ) OiJ*^ LS* O* 3 J"^ Aialj-aJI JC-I jSJli t ^glaa aJI jjjtfl 

S0 4 2 '" HS" /m CIO" /I 

N0 3 "/-* H 2 P0 4 "/^ 

: (Y-i) Jilt 

: 2luV1 £ 1 jj JC-ljii (j»a (JSJ (jjal^all II ' . u£l 

NH 2 " / c CH3COO- /m F"/i 



OH" I j HPO4 /-* NH 3 / 

. flUaxJI ajelflll H + ' bxiaj (jjSl jJI jh^ll jIajV : 

NH 3 / c CH3COOH /m HF f\ 

H 2 /j H 2 P0 4 " /-* NH 4 + /j 

: (r-£) Jll* 

: tlj^clioll t> J£ ^.i (aacla - ^^a^) 4ial JLaJI ^1 jjVl <jjj 
HF + H 2 ^ ^ H 3 + + F " (i) 
CH3COO- + H 3 + CH3COOH + H 2 (J) 

CH3COOH + P0 4 3 " ^ — ^ HPO4 2 " + CH3COO- ( c ) 

: Ija ^^c. j . Jaaa ja.1 j H + 
. ( j^a. HF j o^cla F ~ ) yUal jla j j F ~ j HF (\) 
. ( (j^aa- H 3 + j a^cla H 2 0) jlial Jla jU. jj H 3 + j H 2 



£ . 



CH 3 COO " ) CUjj CH 3 COOH j CH 3 COO " (m) ^ 

. ( CH 3 COOH j s.tel5 
. ( sjft\S H 2 j H 3 + ) u^l >> u^jj H 2 j H 3 + 

CH 3 COOH ) jtial > u^jj CH 3 COO " j CH 3 COOH fe) ^ 

. ( sjfttS CH 3 COO " j 

HPO4 2 j SJftlS PO4 3 ") j^l >> U^JJ HPO4 2 " j PO4 3 " 

• ( O^**- 

tjj^a. U ^ ^ Y V a lc (G. N. Lewis) £ j&al 



; ^3 ^j^a-arJI Lai 



: Sacla Ujj^Vla jj-ajg <ia\\ y& < <jjjj1 ^j^ 4 <j*J tliLijjpSJVI (j-a Wjj 



H 



H.. N : + H 



H 



H 



H : N : H 



H 



+ 



? (JjJaal ^1 jc (Jc.luijJ J3 ^cljillj j_yajA^ 11 tlllij^)*j]l JJ«J £»a 

lillj (jlj t jiiaall ^ ^ jj lg-«jL J^Loull 11a Jla jc 4_)L>)M jli jll gyij 

4 ^JaS LjIjJIS (j^aLajlj jLaiiallj jj£ ml] '-^9^1 jc. tllV jluulb Ajjoil (Jjluull 
(jSilj . 4_}3 - ^'...j ^il| (j^aLkJI <SL>-a LgJba (JSJj ( J^.^1 J ■ Lj-La J».l !Ai 

AAuJaj (jS^u (J^Laij ^alc i_sj j*j (jjJjl t_ajj*j jl (Jjall j£^u Jaaa 4jjlLaJI j*j 
4 -'I laJluit j i aiL (_5jjl — Jluijj^)J l_SJj*J (j,^»Jl ^^ic jl^ttll ^Xaai ^^ic 

(jjjjl t_ajj«j Lai <. L^Iij bus tliljjMj^ill (JjLu a] j ^^ill ^^ic 

. Waa 4_uLall j t ti a al l 1c ^ a nL'i ^."i^. i9 
La. ilxa ^ASJ aJC-li — j'-^-^ II ^Jgia JjJaJ (jl (Jj^W ^JJ>-<aj-a]l I^A '< 
. ^Ltll J) i la all (j* jl£ liA jjLalli . j-ajll £«a ^gjLlaJ^I ( a^ill ^JSJ (j 6, 
Tjli .-irt o^clall j ( H + ) dlLljjV tjAjL^a (jlaoaJI jj^J (jjijjjjA jl ^_a$iu ' -luiaj 
jjjj^ill £cjLa (jlaoaJli (_£Jjl — ' "jj Jj ^ Lai . ( OH ) djLljjV 

<L£1ula1I ojLaJI jA <_>uJjl ^JS^* cs^ (jla«aa 11 jli tjJaJj . <1 ALaLai* o^clallj 
t_SJj*J jli I j&A j . 4j0jLaull AJajl jli JjSjjJ AjLaC ^fl t £ jjll 

(jjjjl i jl La£ t JP^Ij (jjjjlilA^)! (_>ia_aAa. (JS (J-ajaiJ (_£^)J^ — Sluiij^i 

. jpSI j (_£^)_al — n'lj^)J (_jia_»Aa. (JS (J-ajaiJ 
jp£l ^cJjk-aJ ' * 'J~>- J (jj*-a <\\r- a ^ (_^l ( x^iuij3 jl La^aC- J_jjLaJI (j^ 

. ^^-aLtll j£All ^gk LaJaj (Ji-aJ 4j1j^joi 

— fiHi'ij^j Ajjjaj (_3sj s-^cla jji lS^jH j' j^-'y frLaJI jl (_3fui Lua LjIj 

: yjjjJ 

HC1 + H 2 H s O + + Cl" 



NH 3 + H 2 NH 4 + + OH" 

: HC0 3 " u_*& j-Vl 

HCO3" + H 3 + H 2 C0 3 + H 2 

HCO3" + OH" C0 3 2 " + H 2 

Al(OH) 3 + H 3 + Al 3+ + 3H 2 

Al(OH) 3 + OH" - — ^ Al(OH) 4 - 

(Amphoteric) 4ji>i« jl ojjjl« 3* t 1^ AJclaiJ cij^' S^Lall 

< Zn(OH) 2 . Al(OH) 3 

. Sn(OH) 2 j Sb(OH) 3 « Pb(OH) 2 « Cr(OH) 3 





: (> j£U 2&I jJI Sjftlill l-aSI 
. HN0 2 i H 2 . H 3 + . H 2 S0 4 

HC0 3 " i CI " t NH 3 < HSO4" 

: (jjjji jaj^iuJ ta_j Ljaj^i. ^Ij-all ^1 (V 

. Cu i Cu 2+ < NH 3 i BF 3 



: *LJ!j U^Vl (j^j Jcliil! ^ (i 
NH 3 + H 2 ^ — ^ NH 4 + + OH" 

I. CH3COOH + H 2 

II. HCN + H 2 

III. H 2 + H 2 s> - 

IV. NH 3 + H 2 v> - 

V. C0 3 2 " + H 2 ^ - 



££ 



Qualitative Chemical Analysis 



? J jjll jl a^ll ^fl jSjJI <luij La - 

iiiUi-^i^aJi ^ diiSjjoiJi Ajjjjiuji (vi) du^sJi j^o, (3^j el* — 

? frLaJb !.lac aja^j (^ja. Ajt ^»l Aaxll ^3 1 gjlc. Jjaiall 
? j-akll ^cJajoi ^Jc (j-a frLjafill ^IjJ Lg-J ^jl ^^ill jj-^ i alt L_lj£jJ La — 
? i - il ftiM A „ iA,*.„* ^^]| JxaaaJI tllLaJjS {^gk (3^3^' '—iLlSj^ (j* -l^JJ — 

^,1 j^ (jiLlaJI lull SO2 (j* a ° (_$ill frljgJI jj; j"'^ a La — 

? ^jL^ail 

. LjJla-a ^Luiilj 4_iLilaa3l c.LLaj£JI Lsjjc-j dlVjLuuJI ai& (j« (JJfij 

L_ljaJI 4_jLg_j A»J cll^Ja Ajj^ J„'^"' (Jjia (J-^J (j* "UaAVI aA& llluiSjul A3 j 
(JLlLlJC. JjiaJj (jVI (j^-aJ (Jjiall £>A& JjJaLj . ^jJaLall jjall ^3 AjjLMI 4_LalL«JI 
4 Li 1 11 jjj till (_£ja*J AjjAaJI (JJLaaJI 1 ■ lie.) jl ^C-JJ • -ilj-all j»a 1.1a. ajjitk^a 
.^UaJ^I tS^ja lll£a Ji^J Jl jj V '<£^S1\ Jjkjll JjL J Vj t Sjf?>Vl 
Aj^aU. (jl) £rL^5U V Jilt (ijiJI tSlli 2;<;-"M<ll Jjkjlt (j^>kl A-^aLj 

jl jj»all ' ^-"^J *JJ' "*.' ' cJJ^lt s ^ a<u«jj . (JjlaJilLi ^Lail a Vs* <\j 

jj^ia ^^i&j t ^aaLaJI JjlaJjll (J_>la <^ -> > n\\ ^l&j t ^jjjll (JjlV'H (J^A 3 
jii^j . tl (Jjlaall (Jjia AjLljj jl (jj^J jl AjliiaJ jl j;i^-a jjl 

Ajjulalllj Aj&I ii all llll Jjila all ^3 Aj tijp_a-aj t.laJ*»a (Jl jj V (Jjiall (jo 
(Jla-all jfl Lai . ^utiill ^fl *AlaJI Aidll j ' iJl£jll (j^xLjj Al j^ji l_ UuiJ 

4i j^a lJLLII <_1u£j L^jV J *Ua;£ll LJ^Lkl <J*J JjUl ai& Jl jj y-^Vl 
eiia UJ-^J • (_^C- JJ^aj-*ll (.g-*!*!! J^*"'^ Aajjia 4^ (_g-aJJ LaS c.UaiSJI 4jjoiLujl 
^Si Ak^a Jl J^UJ J "^LLaj^ll jLaJ V ^kH 'jJ^llj AfuuLall " CA jL^all 



'. LaA jjAuiLuil (jj»ajai3 ^jLlA 

: (Qualitative Analysis) ( c^j^l ) c^aj^t J cA&l J^^l 9ji 

(jjj A jjl j <u£ II ojLall cljljj£^ ^^Jc l_i^)*jllj lS-^ Jj^" 1 ^ J^J 

. LjjL-aj (jjjJall £CJSJ ajLall dlljjS^ ^^ic l_fij*jllj . UjJ-^aS (_>^a^)3uiSI 

jl ^gii-^j]! (Jjiaall ^jjjI (Jjiaall 4jUr. ^^Ic jj^iuiAll (jjJjljxjSJI (_3iLa) J3j 

/ (Quantitative Analysis) ya&l JJajH LMj 

jLaJ V i] t J-'^"'* 1 4ula*l ^g-oSil JjilaaJI <AaC jj£j La o-ilc j 

. tcji Aljg ^ ojLal ^^-^ J^-^ ^^"j 

(jjjl) ^ i ^i^t (3*jj jlaJjl ^ulill (—iSj^JI ^^Ic (Salt) £t-L« ^-uil c3^y 
^jj^ajj jS-aj JajjoijaUj . ( cation jjJ) ^^cla Jj^j (anion <_ilLui 

(Salt) £1*11 




ILlL < e^c-lSlI j (j^uaaJI LaA jjJjLa Jclij (j* L>jlj ^clal! jliic.1 1 aJj 

: Aifrl <LU-all 

HX + MOH ► MX + H 2 

. (Metal) jlill J] > ji M ^ 

. jlill lx>.S jl jl jlill AluiS (jj^J (jl jS^u 4ilaJI ai& ^ oJclall j 
*-a CjI jlill 

. i_y^J aa II 

2HX + 2M ► 2MX + H 2 

£1 



. (Jjs (j^ lillj ^^ic tli3j*j LaS e-ipc- ljI jlill 



HC1 + NaOH 
H 2 S0 4 + Na 2 
3HC1 +Al(OH) 3 
,)H 2 S0 4 + Zn 
2HC1 + Mg 



NaCl + H 2 
Na 2 S0 4 + H 2 
AICI3 + 3H 2 
ZnS0 4 + H 2 
MgCl 2 + H 2 



(Hydrolysis of Salts) { ^\ ^ ^t-^ 

sliijS (jiilil (jijjLttll Aix<a (JJ^JtJ o^cla £»a cJcliu (j-a ^ulill ^cIaSI 

(j£»aJj . V jla a ^^-^ i (c.LaJI ^ 4 H Vi) a^lAi Oic lilSj j t (oJclall j ;j It) 

; jajJI ^^Jc tl <^ la (jjSHaJI toJcUJIj (j>i^^\t Ajtnla] laJJ ^^LaVI ' alJ 

I (J^a ^Jj3 o.lcl3 j^-a (JcliG (j»a ^ulj ^la ^) 

HC1 + NaOH ► NaCl + H 2 

: 4J&\ Ajjaall jai 
. «.Lel\ ^3 (^laJalt £tla) ^ jjJ jxoJI ^JJjlS j>a iLla (—lit /( 
. jjjUjaljjjaJI ( jT.i.tirt ) (JjJj (j^a ajiaS ^ciaJI (Jjla a (j<a «■ ja. 1 '< 1 ^-it /<_1 

? Jaa.!^ tjLa 

tjjiu Jaa.^/lj (Ja . ^lai^iJI (JAl-aJI (JJ^ Jj^ aJl (j^a __>al fr^? 1 C ^ /c 

¥ Jjla-aJI jji 

JjjjK (J_ala a (jl <Llui]l Aj^aall ^fl liij^ALoba (jx ^clUuU (jl tili£ aJ 



Na + 


cr 


01 




i- 


. + 











NaOH 



HC1 



jl (jVI ^ 



NH4OH + HC1 + NH4CI + H 2 

. *U ^ (NH4CI) rJ ^j-Vl ^jjK t> !>Ua /i 

(Ja < c.Lall ^ ^cIaS! Jjla * (j* «• j^. (j^^^jj^l (J^ j-« ' '< 1 ^-il /t_l 

(Ja < Jjla aJt jx j±\ f-j^- Jl JlflJ^ill (JAj aJI (JjL j^ ajiaS 1 '< > ^-il 

J U j^Vt jjM J) ^ jjji^l 0j ] : <Lu2J 

. jk^Vl Jc AjjJSJI JJU-aJI J JlSj JikaJI JiaUj (X) 

^jlijM^i] JjjjK Ujla a (jl Ajjaall a^A ^fl iiljl.lAljaLa jx ^clUuU (jl tiliS aJ 
jaaJI Jc 4^Lnll a^A JAi.nflJ jS^Uj t jjJ J^*J 4ix<a jj «.LaJI J 



NH 4 + 


cr 


OH- 


H + 


\ 




NH4OH 


HC1 







jc- (HC1) jjb j-a A^jlill (H + ) LjLj^jjjJI Jjjj £tLJI I^A Jjk-a ^fl 

jubj t (NH4OH) a^.hii sjcuai (> jl^um (OH~) cjUjjS 

: ^a*j jl jVI I aJ lillj Jc . Lli (Jjii»aJI 



NaOH + CH3COOH ► CH 3 COONa + H 2 

. «.LaJI ^ L-lli all ^jjjjj-all tli>Li. j* U ja. L_ljl /I 

tjjij Ji^Aj (Ja t (Jjia-aJI j* «• ja. J) (jjlljaljjja]! (Jjlj ja ajJaS l—iiJal 

?jjUI<> 

. c^la J jia-all j^ ^ Jjj t (pink) cS-ijjJI jj^W J ji^l jjljj 

' (J jia Jl j* jai «■ ^gJj ^lajjill JAiaJI JjL j* jla3 t_ajJal 
4jj ^ !>Lh IjA <jaJ . (ji^lj JJ^I jjJ '."'^J J J^l J 

^ ajj ij - all lLlA^, Jj^ a jl 4_L)LuJ! CLlt^ALuLajl j»a ■ (jl ' J l''^ "J 



CH3COO- 


Na + 


H + 


OH" 



CH3COOH 



V 

NaOH 



jjfo jx 'LajLill (OH ) -liui^jj-llgJI tllljjji JjJm £tia]l lj& Jj^ a 

■ 1 aJI j SI (jjb j* a^jUII (H + ) tiilj jm j jJI jc (NaOH) o^clall 

. LpttS J jl^aJI JUbj t (CH3COOH) 



jj£j 4jj£ aJfrlij ' (ja a a Jclij j^a gjLiil ^JLall jl 



11 



^-a ' °J» ■ *-*> (Jcliu (j»a ^ub ?E-Ls ( £ 

NH4OH + CH3COOH ► CH3COONH4 + H 2 

Igjjb <LJj.ll ^baJj ojjiu^a jjb 4a. JJ C >!i (jj^J ^^LoSfl £>^& Ji« jl i) 
^ 4\a.bb> jjc. <Aa.^a lllbl£J ^ AbjJaAaJI jl 4_pclall bjjlL ^1 JJAaJ <_Jblbj 

. o-llc 4jjJjj1I (JJjlaII 

4ij*^> (jl is.la._jll aj& (j»a A^jLuJI tliljaall (_3fui 

(Jjuiill 4j j*-a ' ■ \\}~*\\ ( (Joiaull ) A\ki .-ijll 4_ia.b]l (j^ La £lLs tLlbj£^ 

. ^!>L«VI tdUl II (3jL3lll i_aj*ulb 4_jjjJa*ll jjc. 

(Acid Radical) ^\-o-o^ 

(jjjjl ) L_llLui (jjjl J ( H + ) (jJajj-llgJI (jjJ^ lilaSiil (jia^a II (jjlj AiC- 

j^aJI jV lilli i jaJ jc j^a. (jl jx<u i—ilLuill jjjVl I^a j . ( anion 
^ ( allaj Ljj^l ( cation ) "t^j-^I u^jj-^' uj^' -^j^j <-3^ 

C5 ^jojJ lilljll t_ta,j^ll (jja.jjJjgJI (jjjl 4 la nil < &la mi ^ J^U-J (_j!UI jj/il 

(3*3ill j . (Acid Radical) ( ^ a ^ aJI (3*3ilb j^^all jjb (> ^ubll t_ilbJ jjjVl 

j^ajAaJI j^T jl AjjJaAaJI (jjj&ulll (Jj-* ojill (_£jla.l bjJl jj^J ' ia<aa II 

(jjLill 4bL«-a jjfcj ( ■ Ua ( HI 4 HBr t HC1 ) 4jjja. jlU JJ^JI 

: 4bj^l CjVjUJI IgauJa jj ^pll 4j,ho^,\l 

HC1 ► H + + Cl~ 

( CI ~ JJJjl^ll (jjJl (j-^AaJ! (3*3111 ) 

HBr ► H + + Br~ 

( Br ~ JA«JJill UJ^' cs J^aAaJI (3*ill ) 

HI ► H + + l - 

( 1 ~ ^ J^ 1 c g^* aJI (3*ill ) 



: (Jl!LJ! (Jjfui Jc-j t 4uiiajaiSjVI (jiaj^^H AjjJa aa It 

H 2 S0 4 ► 2H + + S0 4 2 ~ 

(S0 4 CjtLjjSM 

HNO3 ► H + + N0 3 ~ 

( NO3 Lllljjjll " J* ^gjJa^a It (jjuiJI ) 

H3PO4 ► 3H + + PO4 3 " 

(PO4 ^ tllliuijflJI Ac. a jA ^^jJa^aJI (JjuoJI ) 

■kcjjlA\ (jja,jjjjgj| (Jilt J j JJaJ AjjIuia Ajllui ' " ll la uj £jJa jj (jia.aa.ll AjUj>-a (j-a 
. ALU aIloVI ' - ■ J Skj i i>a<aa 11 j-o ^Ult * jaJl Jc 

Aa.Xol j-* ja.1 j ^i^l ^ g^JaoaJ t (j^ill J jl ^^a^ai jL<u 

: ^Vl JliJI j* liUj 

H 2 S0 4 + 2NaCl ► Na 2 S0 4 + 2HC1 

^liiijjK jj j| ^j'— aa (' ^iT'JJ.'^ ^j'— ^-°) 

(HC1) <J-^aa. ja tjli jjSI (H2SO4) (J^a-aa. jl Jllall jx Jaa^ta 

cK* (S0 4 2 ~ ) ^.no^i A!!, (J^LaJ (H 2 S0 4 ) ^ ^ ^iUi J 

<aui! -iJ-ia. (NaCl) ^jJJjJk^alt JjjjIS ^fl (CI ) -llJjKJI (jjJl 

. (Na 2 S04) ^ jjjjj^all c^j£ 

CAJj Aa.jJl] t*JJ AjLlaJ CLllc^aa a I— l^lj AojJaAaJI (jjLuill I'lnnfl .Bj 

; _A j IgJba 4 a "' uLall (J*aj aa II 
. ' Ma all iiLj_aKjj.llgJI (jJstAa. Ac-^aa-a '. JjVI Ac-j-aa-all 
. jS jJI (VI) Cijj^ll a aa 4 & j aa a * A_ulj]| 4 C aa all 
Ac- <\ ' (_^aLaa.Vlj jjIjj V AjjJaAa. tijijai - ■ !aJj : AjIIjJI A&_a^a all 



(HC1) liLjjK jjjjgJI jj>iA-\ (ji i ^jojVI <c Jl s^a lIuaui j 

(C0 3 2 -) c^u ua jiii, a} j (H2CO3) 4^>ii ( ^ 

. (HC0 3 - ) WjjAjJl ^UjjjSII J 
CjaIjj^II ^.ho^ll <Li,j (H 2 S0 3 ) (j_jujkll) (IV) Cjjj^II (Y 

'•(S0 3 2 -) 

• (S ~) ^jjj^I t ^A^ aJI (H 2 S) 4hjj^jj^ 
Cjjjiill ^^Jl (HN0 2 ) (jjJX&) (III) u^jj^l (i 

• (NO2-) 

^pll AjI jVI AJjaaJI ja.b V jl ^c- ^11 ai& (JjLj ^^Jc i_s^)*jJI ^jj 
C5 Jc l_ij*j]b . ■ Ma oJl liLjjK jjJjgJI (j>>^^ ' _ ^1 ^claJI (Jc-Ujj jaJj 

L_ljb>J ^.l^abj ■ '^,^11 (jjiJI ^^Jc. l_fij*j]l (j^«J «ULa. ^ lfr1 1 oloJI jliJI 

. n 11 (jjuiJI jjx -i£bll ^jj ^lIoJI Jjl^ a -I laJiuib 4_j.li£b 
(jjLoJl 4jJj£bJI j <Lil ji\ L-Jjbsbl] ^^Jjj-aiu ^ jjoi <_^L bu3 

. 1 iq-s .nil dLj^olSj^j-ligJI ^jr-><\^> *1 Aus-ia-\\\ 

(C0 3 2 - , HCO3 - ) •. I ^ 

(jASi. (^ajJjjjk^aJI dlbjJjS jLo.) L-lli tall ^tlaJI (Jjla l_fibjaJ 

2HC1 + C0 3 2 - ► C0 2 t+ H 2 + 2C1- 

hci + HCO3 - ► co 2 j + h 2 o + cr 

QjM ^je. (jjJJ^I JJ^jl gjb jlft u£lbJI ^ jl jjL JC-b^aJJ djja. 

Jjl^ a ) J^?^' Jjl^ a ^fl ajlj^b Ajc 1 Lai£Jl (jS^U (_£^tj ' 4^>j|^)llj 

J jU^ll ( Ca (OH) 2 j» jjjaJlSil jjj-iS jj^ja 
: ^jij V c^lil CaC0 3 ^j^l^JI 

C0 2 + Ca(OH) 2 ►CaCOsI + H 2 



jit (jjllaJ JJ"^' ( — J^' J ( — JO^' L>* U' '"'^V 

frlj^j (jx JL) V lil t liLjjKjj-llgJI £A IgJclift .lie (jjJjSJI 1j i q£ jl 

(j^Jj AjJja j j 1^ It ljLjJjSJIj tllLljJjSJI (jjj jjJxjlJ ( 4jJjSIj ) cSj^' ( T J jW^ 

^jjjojIjjJI j ^jjjjx-o]! diljjjjS l^c Lua c.LaJI s-ij^ ^ diljjjjSJI <J£ p 

. ^jjjj-aVlj 

o^a j t jUo^ti ^LJI alt ^lIaII <_il jj t 4j.ii£1j c_ijL>j *l j^-V 

La) j$i lit Lai t c.U]l ^ <— ijii V jjjll djLj j^i ^ 

j£\ iHLljJjSJI JlJ ji ( *LJ ^ Uuaa* L_>jjj l$J jl) 

ajJ^VI AJlaJI £>j& . ( ^jjjj»aVI jl ^Jjjajljjill jl ^JjJjA^all tllljjJjS ) L_l jjG 

: 4ulls]l l_ijL>jJI (_§ jaJj jj It diLjjj^llj diLjjj^ll (jjj jjj""'^j 

<-_byulj (jj^J Ijji t ^jjjjii-all (JLltjj^)jS Jjla a ^tlaJI Jjla a ^1 l—fiLuiaJ 

MgS0 4 + C0 3 2 - ► MgC0 3 I + S0 4 2 - 



2 _ 



MgS0 4 + 2HC0 3 - ► Mg(HC0 3 ) 2 + S0 4 

Mg(HC0 3 ) 2 A p MgC0 3 j + C0 2 + H 2 



(j^aJjl ^-luilj (jj^J lili t (II) (_3^j^l -^JJ^ (Jjia-a ^ciaJI Jjla a t_aL-iaJ (Y 
jjiuoull VI cV^^ 1 ^ jJI ujSjj I jj U . LjLl jJjS ^tlaJla JLJI ^gk 

'. ^j'yr jj y** tliLjjjS ^laJli 
HgCl 2 + C0 3 2 - ► HgC0 3 l + 2C1" 

HgCl 2 + 2HCO s - ► Hg(HC0 3 ) 2 + 2C\~ 

Hg(HC0 3 ) 2 A ^ HgC0 3 | + C0 2 + H 2 



•. S 2 " afej** |v 

l>aJj]l Ajjiu ) a JjIaaSI <§jj£JI jj (jj^jj-ligJI Jjjj^jS jlc. i <aJJ 

: HC1 

S 2 - + 2HC1 ► 2C\~ + H 2 st 

(CH 3 COO) 2 Pb + H 2 S ► PbS j + 2CH 3 COOH 

: JjJJ^jSJI £lLJ CS^ - * (Jjia-a jJjJaaJj ^JJ L_ljLaa3l 

Na 2 S + (CH 3 COO) 2 Pb ► PbS I + 2CH 3 COONa 

: 4jJaall dilj^j (Jjia-« ^LaJ! " (Y} 

liLjjill (jh^^. ^ S-lJ'lj 4jJaill (j-a JjjoiI <-_lui!j (jj^JJ 



Na 2 S + 2AgN0 3 ► Ag 2 S J + 2NaN0 3 

•. (N0 2 -)o,iul\ |^ 

Jaa^Ll i— iL all till jlill ^lLs ^gj) t iaa Jl liLjjKjj-llgJI (j^iia-s 4jl_Jaj -Ik. 

<ajjj lilli j (Jclsoll l^ja (_5 jlilkVI ^Jj^jl j3 ^ic ^gjj jlc- 

jja. JJ&iJI lluiS jl ^Ij J J^JJ ij'^ (NO) tSL_jpjJl llu£ jl jlc. 1 ail] 



aa, ja Xic c^jaJI *\ u,v»^ J £-a (NO) jUjI lie ^-illl jjUl (NO2) 

N0 2 _ + HC1 ► HN0 2 + Cl" 

3HN0 2 ► HNO3 + H 2 + 2NC-j 

2NO + 2 ► 2N0 2 | 

f.Lel\ Cj£uJ±ll\ L_l jjj ) duj^ill £c1a! <_j-^-a Jj^ a jJjJaaJ ^JJ 

: jJjojIjjjII lllUa ''"JJ.' (J jla-a j*-a ^i-aJI cjj^ " ( ^ ) 
(j^a-aa-ttJI ^jJjojIjjJI llllia lajAJ Jjla * tlujjill £tla (Jj\^» <\ 4iLja) Aic 
cilljj ■ Lllliaa-ajjnil Jjla a (jjl c.laija.1 Jaa^/b ' afta aJI tiLijjjjSJl j'-^-^ ; 

: ( Mn 2+ ) jjitfl Jj c^U=Lu jJI ( Mn 7+ ) jjitfl JlJiiV ^ 

2KMn0 4 + 3H 2 S0 4 + 5NaN0 2 ► K 2 S0 4 + 2MnS0 4 + 

5NaN0 3 + 3H 2 

H 2 S0 4 

(V) jn^'i 4j'u-n jJlgJl ,_yiaj»aaJI ^jia 4 j£ aJ jSj^JI 

a^Aj . 4£.j-aa-ttJI ajlA -il^aV 4jjJaaaJI JjjLaiJI (J£jaU l$a.!/Lal (j-a (liLjJiill) 

• CS^ ^>aj^aJI 

. ci - ^jjKii 

. Br _ .lLaj^)i]l jA ^ 1 a aa II HBf liLoj^JjjJUgJI (t_l 

. 1 JjJjjll _jA ^gjJa«aa It 4jbaij HI tiL 1^ It (jia<aa (^ 

. N0 3 ~ LjljjiJI jA ^gjJa-aaJI <\1£ j HNO3 t*Lj^' LH*^ ( j 

. i—lL alt ^ciaJI at laluil J (jjLoill a^A ^^Jc t_a^til3 (—JjLajJI (_£^>aj 

: £tlal] ^LaJI J alt ^Jc iSjs^ ^JJjSbll ^JjUjll Lai 



•. (CI") ^ 

jit ^L^UJ ..a, n\l JJJjKJI Jl jS >all H 2 S0 4 

2C1" + H2SO4 ► 2HClt+ S0 4 2 - 

(jjluil 4jJaJ^)*J .lie f I 1 bjJ L-la-ui AjjjSjJ HC1 jlc- (Jc- l_fij*jll j£«aJ 

: ^Vl Jcliall dj^j ilua. NH4OH U^Vl J jl^u ^Llko 
HC1 + NH4OH ► NH 4 C1 + H 2 

JjjjKI! t> Jjla Jl j£>all (H2SO4) O-a^a. j* Jjla AiLja] ^c. (1) 

jjKJI jlc. Jic-U-ai iaa^ll (M11O2) jjj»j-aJI lii.iiS jl ^gjtj jj ja 1 a a j L-lL all 
: C.UJU A\\\a\\ L yiA^\ jLc jjj Jjjj (^jlll jjJaa-Vl 

2NaCl + Mn0 2 + 2H 2 S0 4 ► Na 2 S0 4 + MnS0 4 + 

2H 2 + Cl 2 | 

; 4jJaill dlljjj (Jj\^> a £-a 
JjjjKII £tla J jla a J) AjJaill till jjj J jla a jx CjI^JoS AiLjal .Lie 

jj£ Jia^b 

L_buil jll jjl (jl Jaa^Lj . ' aia all HNO3 jiisa. J (_1 jjj V J ^» JJJ >a^l 

. ojjAl f j' kail 4jJaj*J AiC ^jl£ jjl J) (Jj^ll 

NaCl + AgN0 3 ► AgCl | + NaN0 3 

t_yali\ 1— luil j 

: (_>*aLua^)3l dj^li. tjjla a £-a 
L_builj jj^JJ JjjjISJI £lL> (Jjia-a J) ^_yaL~aj^\ dDLa. (Jjia-a AiLjal Aic 

(_J J^l aj-a -i_a*Jj (jJajuulb "-JjAl ,_>-aLuajll JjjjK j-a (J^aJjl 

2NaCl + (CH 3 COO) 2 Pb ► PbCl 2 |+ 2CH 3 COONa 



•. (Br") ^ 

. S0 2 j Br 2 j HBr & ^ 
2NaBr + H 2 S0 4 ► Na 2 S0 4 + 2HBr| 

HBr «. jaJ j^j^JI H2SO4 o- 3 -*^ *>^-*£V Br 2 jlc. jj£jj 
2HBr + H2SO4 ► Br 2 + SoJ + 2H 2 

. j "-^ " ^gjj (jjL dijjij 

.iLaj^lJI £tla j* ja^ia jSj^ll H 2 S0 4 (j'<-iA~** (j-a (JJS 4iLja] .lit (l) 

2NaBr + Mn0 2 + 2H 2 S0 4 ► Na 2 S0 4 + MnS0 4 + 

2H 2 + Br 2 | 

^aj^jiJI ^tla Jj^ a 1 kaill Ljljij (J_ala a (j-a Lllljia3 AiLiaj ^ic 

■^**J^H L>* J a ' ^ " <_V^JJl t r lu, (jj^ 
. c_aik-ttJI HNO3 ij'<~t ^gk L_l jjj ^jjljj-aVI 1j ' j jJjA (Jjia^a 

NaBr + AgN0 3 ► AgBr | + NaN0 3 

: (j*aLi~iaj^\ tli>Li. tj_ala a £-a 
(jjSjJ ALaj^)j]l ^clo Ujla a Q^L^aj^i tli>Li. (Jjla-a 4iLja) .lie 

2NaBr + (CH 3 COO) 2 Pb ► PbBr 2 |+ 2CH 3 COONa 



oV 



o^kjl i <aJJ L-lL alt -IpJ^I £t-L« J) jSj^ll H2SO4 4iLja) .lie 

2NaI + H 2 S0 4 ► 2HI + Na 2 S0 4 

2HI + H 2 S0 4 ► I 2( g)t+ S0 2 + 2H 2 

' _ ^1 jjj jjJl ^la ^ Lula j£j»a]| H2SO4 (J>i^^ (j-a Jjla AiLiaj .lie (l) 

ajiji JcL^aii iki.!>b jlii^l ^ jjiixaJI 1j 1 o£ jl ^b (j ■ " " J 

^ (3fui La£ Laul! Jjia-aJ Ajc 1 tni^j l (j£-4J J Aja-uiiiJI 

2NaI + Mn0 2 + 2H 2 S0 4 ► Na 2 S0 4 + MnS0 4 + 

2H 2 + I 2 | 

; 4jJaill tllljjij (Jjla-a £A (l_l) 
JjJjjJI £tla (Jjla-a J) 4jJaill dlljij (Jj\> <\ (j^ dlljiaa 4iLja) Jic 

. ( ^ «\\ HNO3 (j'^^j 

Nal + AgN0 3 ► Agl J + NaN0 3 

2NaI + (CH 3 COO) 2 Pb ► PbI 2 J+ 2CH 3 COONa . ±jdL 

•. (NO3-) cAjja 

Ajjfil ^fl j£j^3l H 2 S0 4 (j-ia-a^. L_lL alt dlljlill £tla (jja 1 ""' Ait 

Cj| jUJI a^A J(S h"'J • 4-ajla 4j±j till jlc-j HN0 3 jn^'i JcU-aJU 

(II) (jiiUill CjIjjj LLu (jiiUjll ^-a gjUll HNO3 o^*. Jclali <SL=Ji 

NaN0 3 + H 2 S0 4 ► HN0 3 + NaHS0 4 

4HNO s + Cu ► Cu(N0 3 ) 2 + 2H 2 + 2N0 2 | 



AikJl JLj»2) : ^jJ^Uil ^LfiSS ^jj^I 
^ (FeS0 4 ) (II) ipai ^VLjjS (> Jjk-« (> r ^ r Jj Y JI ^ 

Y JI j^. Ajjjj^l jl-l?. Jc j JjJjjj (jjlji^bj ajla It lj& J) ' «1 ■ . jJjJaaaJI 
I lajla Cla-J 4 Sj la (jj^J ' " ' H2SO4 *ui V Jj 



. ^iaAaJlj (jja LoJl J j\*s ,n jjj j ■ al all ^Ja-uJI -lit el^ajoj 4lla» jjgja Ja^^Lj 

Jll lj^I&I 



NaN0 3 + H 2 S0 4 - 

2HN0 3 + 3H 2 S0 4 + 6FeS0 4 
FeS0 4 + NO 



> HNO3 + NaHS0 4 

-► 3Fe 2 (S0 4 ) 3 + 4H 2 + 2NO t 
-► FeS0 4 . NO 



f.\ JAuJI SjilaJJ jjS^JI ' ,^J"^ 



(j^a-a^. <C- ^ (jjLuoJ AjiuiS It t_ljLaall ,_>-aaJj °) (Jj-^l 

. JS jJI H 2 S0 4 

. jSj^JI H 2 S0 4 (j^aAa. 4c^u) jjjLil AjiuiSJI : — °) Jj-^ 





(CH 3 COO) 2 Pb 


AgN0 3 JjJa-a 


H2SO4 tya^A. 




+ < 

+ Mn0 2 
. H 2 S0 4 


s-i jk PbCl 2 


J mj^ AgCl 
. NH4OH 


Li j£« HC1 * ■ olU 
. NH4OH 


CI 


+ Mn0 2 
. H 2 S0 4 


(_i jjy PbBr 2 


AgBr (j-o j<»<-i« 
NH4OH 


4 HBr 1c 1 ■ ah 
S0 2 c Br 2 

J\ Liill Jjk-a 


Br~ 


+ Mn0 2 
H 2 S0 4 


J' 1 ( ■ 1 1 ul j 
<-_! ji—J Pbl 2 


J mj^ V Agl 
. NH4OH 


1 2 o^p-jl * ■ aJJ 

J 2 1^ ill 


r 


»1 jauill 








N0 3 " 



lilijjjj^t J\ ' aia aJI liLjjKjjJUgJI (j't-\A~\\ jpbj V Ac ja-\ a\\ ajl& ^^/Lal 

CjIjjjJI j (P0 4 ) 3 _ CAL* jill j (S0 4 ) 2 - ^tLj^J! tili J&Vl 4j,ho^\l 

* * .• 2 

Jjjal (J£ t_fi^)*J ^aJJj t <— SjoiIS AC- rt\l aJ^J .l^JJ . (B4O7) — 

■kc ja->, a\\ ai& ^ ^ya^iC±i i_fijjoij . ^jjLall a l_ala a t^C- ^ ' *'^>^!^ 

. jaaa dliuj jiJI j CjIjj jj£JI C5 Aij (jc 1 aJ&ll t_ijUal 

: (SO4 2 _ ) Sulphate cjlij^l ( \ ) 

• (I) l3fL^ J fJJ-^lj fj^l JiuiVlj ^jJjUJIj 

• f jW^ ^L)J^ Jj^ a £»a /l 
Ll>ljJ^)j£J! ^la Jj^ a ^jJjUl! JjjjK Jjla a (j^a djljlaii 4iLjaj Aic 
^3 V ^JJjUll l-llljJ^)jS (j»a l_lul!j (jj^JJ J^^' ^-?J^I 

. Af\ It a\I ^iaj-a^JI 

Na 2 S0 4 + BaCl 2 ► BaS0 4 |+ 2NaCl 

: (_ys\j~aj^\ tll>Li. cjj^ a £»a /l_J 
dlljJ^)j£JI £tla (Jjia-a ( _ - >-aL^3j3l LlDLa. (Jjia-a (jx AiLjaj Aic 

LS* ^ CK>L^3 jll CjljJJj£ t> L >^1J| L_bJ J jj^JJ jUj»J ^ 

Na 2 S0 4 + (CH 3 COO) 2 Pb ► PbS<J> 4 + 2CH 3 COONa 

; 4jJaa3l dlljjij (Jjia-a £A 
£tla (Jjia-a 4jJai3l tllljjj (Jjia-a £ya tllljjaS AiLjal Aic 

. AjJaill tllljJ^)j£ (j^ <_>a^ M^lj UJ^J jW^I 

Na 2 S0 4 + 2AgN0 3 ► Ag 2 S0 4 |+ 2NaN0 3 



: (PO4 ~ ) Phosphates CALmj® ( Y ) 

. frLaJI ( K 4 Na ) Ji^ *^iVl CJJk ja j 



1 . 



: ?JtJ-^ ±!JJ& Jj^ /i 

CLlliuija (j^ cV- 3 ^' L r Lul 'j UJ^J ( (JjJLa-aJI ^ ) J J ^ 

. 4iai^]i 4_ij:b«-a]l 11 ^ L-ljjj V (_£.iSI 4-lila.jj.llgJI ^jjjLJI 

Na 2 HP0 4 + BaCl 2 — ► BaHP0 4 j + 2NaCl 

; 4jJaiJI tllljjj (Jjia-a £A /l_J 
^ia (Jjia-a 4jJaill dlljjij Jj^ a (j-a <lulia AjaS 4iLja) Aic 

Jjla a ^ S-lJ^J Ag 3 P0 4 A > tlllLoiji jik^al L_bojlj (jj^JJ tllliuijall 

2Na 2 HP0 4 + 3AgN0 3 ► Ag 3 P0 4 | + 3NaN0 3 + NaH 2 P0 4 

\ V^Aa^\ &£uA\ CP ^**J^A Ci\^U ^6-6-6^ 

Ca(OH) 2 j^JI *U a ( H 2 C0 3 C0 2 jli /I 

Ca(OH) 2 + C0 2 ► CaC0 3 [ + H 2 

*la Jl QjL S>1 C0 2 lit ajI JiOti tdkJ 

? ligJ liljJjoiSJ _oA La . (jiuaJ ( _yia ; ljVI L_uJ^)JI (jji 
? t*lli AjjUaiS <SjUr-a tdjS-aJ Ja 

tllLa jj£ t^Lu AJIjikLl | H 2 S0 3 (jiAa, JjjJjgjl ) S0 2 jlc. 

K 2 Cr 2 7 + H 2 S0 4 + 3S0 2 ► K 2 S0 4 + Cr 2 (S0 4 ) 3 + H 2 

dl>tkj Allxa ^ijj ^jic JjjoiVI (_>-aU-a^)3l JjJJ^)j£ AjJjojjJL H 2 S jlc- 

H 2 S + (CH 3 COO) 2 Pb ► PbSj + 2CH 3 COOH 



Aiai*!/La JclijJI Ajjljl AA j3 oic AjL t la i a AjjjSjj NO jlc / J 

: (JcUjU taa j ^ jaJI «.\ j^ ■ ^ jl 

2NO + 2 ► 2N0 2 

: NH4OH J jk-a L^, jjli ^ ill HC1 jlc /-a 

NH4OH + HC1 ► NH4CI + H 2 

. ji^Vl jjNI iA ^ J jk-a kij*^ Br 2 / HBr jUj /j 
• cJjj'^l ujill J) k^l Jjk-a 1 2 / HI jUj / j 

o*j s jj^ aj (jV t Aj^)auJI ^ c.oall (Jj3 jkll (jc t iu&ll jj^aJj 
i-*-*' V Jliilbj ( (Jclioll (ja fl lei 1 aHaJI dll jliJI L-lj^J Aj-aj3 k*J lgj3 

. tajlui IgJI jLLall tlL^liiill 
K 2 Cr 2 7 ) t_a^l£JI <j* Ljl^ka AiLjal jLaj S0 2 jlc jc l-L^I aIU. (V 

4 (Jcliiill Ajjfil (k\k jjJai.^1 jjHI J3 kJ (Jclsull kuj j (AjJaAa-all 

^ftij ^^-ku V t_i^l£lb Alkali Aajjll ^^j*!) jUJI jc i_i*5&ll jV tdlj j 

. 4 j 1 '--^j a 

• u'jJ^ C0 2 jlc. JckaJ ' -la L aJ 

Jclioll Ac jjoi j^ ojjj jja 1 >ull (jV t*llj j ' J-«VI f jl I j] (jjajoull ■ . '^J (° 

. A-alc AkaJ 

jl£ I j] ? ^dk aJI lift cs i*J I jUa s!ici " JJJ^ji " AaK CjJjj : Ak jala 

^jj^a jjj <LU-a AjIjS iiliS-<u (ka 4 H 2 C03 co? 

. £tkll 1-lgJ ^ 1 aa II Jjjuill v_sjxj lilla ( ■ \\\-tj ^ J£ a a tak dukci |j| 

JJC ^vLabU Aa a aa II jjjL.till AjiuiS II L_ljlajJI (jjfui LaJ3 CLlSjaJ (jl -l*Jj 

(3*3111 (jc < t>*<\\ lj! ^ka. (ill j " L (jjlll j alji kka all JoaJluil AjjjJautll 



Jjljll L_lJjjill (jjiiiJ (V^ ^ ^ j-a illljka II ^liil (j-a V : 4<ip 4kjak 



: ^Jt\ SjfcU 

J^Vj < w^oll HCl 

. jlfr JlcL^aJ j JcUjJI dj jJa. 
^clall ^gjJa^aJI (jjiJI j CO2 jA jlxlli JJaJI frLa jlc. JcL-aJ lil /l 

AjAiShil ^jUill *lj*J w ^ • C0 3 2 ~ J HC0 3 ~ uj^j J cU^j 

i&l 1 aij <_gA j Ajl jVl Ajjaall cg^^ J <J?* £^ ^ ^ jW^^ 

^Ij^V uj^ C0 3 2 - ja ^li HCl C0 2 jl& 

jlstlli AgJjS Aijlj Alj < (_>*alj^a^)]! (Jjisk-aj AiLw ASjj JjjojJ jlc- 

. A*j!/UI AjJjSIjJI t—ijlaall (_£ t S ~ jA (JjoiII j H2S jA 

LJjLajll j_g J^Jj NO2 _ jA (3*3illi (Jclidll Ajjijl AA j3 Aic Ajjj s^>ikjl 

. (ill! Aj^iUJI 

Jl aj^Ua Jftjl 4 Ajlui JjSfl j^Ji ^ AjjaaJI I jj 

. <_gljVl Ac- (jjjJ 1 It (JjjaJ! (jl jj AAil!ill fljlaa II 

Ji^Vj JS jJI H2SO4 

(_gA s^kjVli NH4OH Jjia a £a g I ■ aAJ t±a-ui (jj^J s^ikjl CLl^cL-aJ |j| 

. lillL a^UII AjA£bll <_jjUtfl l5 j^j ' CI" ja t>iJ!j HCl 
cBr~ ja (^jill j Br2 j HBr ^a SjiuVla <>aa-a gJj&jJ ujIj J jla-all 

. lillju Aj^sUJI AjAaSbll (-jjUall ij jaj j 
o^kj^la (JjjVI (jjHI Luall Aijj (JjaJj A-ia 1 najj s^p^l dlJcL-aJ li! 

. lillij Ajk^aliJI AjJjSIjII L_ljLaall (_5jaJjj ( I _ jA (3joi1Ij 1 2 *J^I <^> 
NO2 j^C- »J=>^^ ^jA ojikjVla AjjfiVl AA j3 He Ajjj sjikJl tlj^C-L^aJ Ijj 

NO3 _ jA (3»3lllj t ^Ij^jI UJ"> 1 j' NO (_>u-a^J (jc ^uLill 

. ( *l jauiII AilaJI (. ti*<* ) lillju AjuaUJI AjAjShll Ajjaall ij j^i j 

(j-a 1 II (3»3llli (jjj ( AjILuj Ajjl!i3l ajlaa II ^ Ajjaall dul£ Ijj 

. Ajllfill Ac jA2k-all 



: <_pL La AgN03 Jjla-a £tlaJI Jjia-a (>a «■ ja. J) t-fijJal 

SO^ - jA J^lHi 4iia-aJI (jJbj^aJI ^ (-Jj^J (J* 3 ^ S-^J Jf^ lil 

^ LmJ ) PO4 _ (JjjoiHi ' ^J-*^' Jj^ a ^ S-lJ^J jik^al Jg-^ 3 li] 

. ( o±J LJ jHP0 4 2 - 

till jlall diLj jjl 4j.ic.la]! jls (NH4) + ^ (3" ^ 

die. j-a^-a jjl] Aj^clall (jjLil! cLiAuia jij 4 I Cations diLj jjjIS ) Ailla Jl 

J) 2US6.\S1I jjLill ^ 

. Ag + aLosII j Hg 2+ JjS jll i Pb 2+ u^L^, jll CjU jJ i&aa t c Xal£ 

Snmi jJI ^ dlljJJjK oLlA ^^ic L_boJJpJ ( (_J JJ^ll J J-^l ^ J-a t_ivljaJ 

' *««^- ail MCI - laJluLjj AjLlaJj Acj^ ^ JlLaj ^JtiiLi < ^ i a aa It 

(jjjLoJI lillj (jx 4*Jjl (jc ( LuSl\ (Jjia ' 'j'"" Ijjl ' (Jjioill Jilt) ^Xaa 1 

' Cll (jjLaall 'Ag 4 i iaalt dllj jjl j t 3 aLa a tlllc >aa-a £Jjl j^ 4jjcla]l 

2+ 1 3 + 

Ca fjHKMj Al ^ 
: Ag + &ail\ OjJl CP < - Ju ^ ) ( ^ ) 

. AjJasW tllljjj Jj\^> <\ ^I'iVuhI (j^aJ 

: JjVl < Ajjaj /i 

t_luj|j (jj^JJ 4jJai3l ^tla (Jjia-a ' aJI HCl (_p»Aa. AiLjaj Aic 

. ^jjljj^VI JjjoiSjjJUA ^ AjSJj (_viaLaa.VI ^ L_boj!^)3l lift 

Ag + + HCl — ► AgClj + H + 

( _p a jj| (—lull J 



1£ 



(j-a j»a_i.l tlujl^) ^jJjoilj_ai3l tllLajjS cjj^ " 4jJaaJ! ^clo cjj^ " ^ 

2Ag + + K 2 Cr0 4 ► Ag 2 Cr0 4 | + 2K + 

JA^J (—Lull J 

.lie A i aill Jj^ a (j^ Jjjoil tlulj 4jJaa3l £lL« (Jjia-a ^ Lhj 

2Ag + + H 2 S ► Ag 2 S j + 2H + 

J (— AjuiI ^) 

^gfl ' ail C_Ljli3l jh^'i ^ JjjojVI L_bojl^)3l l—J jjj 

: Cu 2+ o-^oJI OAjl & (V) 

C.lja.V (jjlaall tllljJjjS (Jjla-a -I laliuil j-VU . i aJl (iLjjKjj.li£ul ^j'sia^ 

. (jjlaaSI (jjjl (jc 4js>«^jt (— Jjlaall 

: JjVl < Li&M /i 

l_1ujjjj (jjlaall £tla Jjla a ^fl jj^jj-UgJI JjjjjjS jlc- -luC 
.^V^l»J-a jl u Jajojjll jjiLl jl Aula. (jjLaall Jjjj^jS j»a JjjojI C-IjojIj 

j'-"'^ ^gfl Mj^J ' ail '^V'-'J.^ (J^~><^ <ji ^JJolVI (—JjoiljJI l—J jAl V 

. ji.luill ' "-^ liLjjiJI 

Cu 2+ + H 2 S ► CuSj + 2H + 

'. ^ajj ij i alt JJjojS " / l T 1 

(jjSjJ (jjLaall ^la Jj^ " J) -jj 'j' alt \) 1 J J-^ (J_ala-a 4iLjaj _UC 

• (II) O-Uall -Uu£jj.llA jx (jjjl t_bjl J 

Cu 2+ + 2NaOH ► Cu (0H) 2 1 + 2Na + 

(J J jl (-Lull J 
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. Cu (NH 3 )^| 2+ jS*JI jj^Vl (> LSb ISj J V jk- bjS- 
Cu 2 + + 2NH 4 OH ► Cu (ok) 2 + 2NH 4 + 

(jjLil sAi. j (jjlll (j^Jj Aj_ala (II) (J«kjJI ^^Lal (JjJLa-a j^- ^ • Aia^aaJLa 

. UJc <j Lal£ !3L»b 

: Al 3+ fj*i»j&l CP ( r ) 

«* «* c 3 + e c 

(—luijMJ Ac-j^a-a ^gi AjJic-laJI JjjLjill .1^.1 Al ^jjiajWI Jf^} 

Jaj-ujll ^Tli ^\ ^Ja. NH4OH j»J NH4CI (>a <Cj^> <\\\ sift (jj^J 

NH4OH jjb ^ ^^jj Aji Jl ^Jj NH4CI AaLia) frljj t> aj£al! j . tpcla 

. A&_aAa aJI a j& lLiI 1 j i j jJjA L_lluiji] Lal£ Jala OH _ dlljjjl jj^JM (jj-H^ 

. ^» jjia I 

: JjVl < Li&M Ajj^j /l 

^fl ^jjiajWI £tla Ujk a ^jjjj^VI JLluiS jjJjA (Jjla-a AiliJa) Aic 

1j 1 j jJjA (j* 4 _ s jjU>Li. <_>^ijl L r Lul 'j ^J^J**^ ~^JJ^ L>° J* 3 ^ -^J^J 

Al 3+ + 3NH 4 OH ► Al(OH) 3 | + 3NH 4 + 

I - jJ ij 1 alt liin^ jjAjA jj^ " £»a 
^La (J^ala a *JJ "J' V 1 ' J J^ft (Jjla-a (j»a dlljiaii AaLjaj AiC- 

■lij-aJI AiLjab <_i jjj ^jjiajlVt 1j » 'i^ j jJjA (j* J-aJjl L r byU 'j UJ^J ^J^*J^I 

^jjaj aa It ^ L_l jjj La£ t ^jlall (j-a 

Al(OH) 3 j 



Al 3+ + 3NaOH ► Al (OH), I + 3Na 
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: Ca 2+ 6ji & ^Sl! (*) 

jaaa LptlS -kui jJI jj^J ' - Ua ] NH4OH jjb 4a. j.} ^ f£aJJ Ajl £^JJ 
JjjjK (Jjla-a ^l-laJjoil (jS^U . 4x.jrt^ rt\l a^A tllljjJjS "US l—luijJU -laJI 

^ ^jjjoJlSJl £lL« (Jjla-a J) ^jjjj^VI tllljjJjS Jjla a AiLjaj Ait 
j'^j"^ It ^fl S-'J'^J ^jjluJlSJI tllljjJjS O^^i S-^lj (jj^JJ ( (^•IC'li Jauij 

Ca 2+ + (NH 4 ) 2 C0 3 ►CaC0 3 |"+ 2NH 4 + 

; ^jjjj^j CS^Im&j] (_)jla a ^ 
(JjSjj ^jJjoJlSJI £tla (Jj]a-a ^jjjj^VI tllVLuJ^jl Jj^ a AiLiaj Ait 

Ca 2+ + (NH 4 )2C 2 04 1 ► CaC 2 4 J + 2NH 4 + 

(jj^JJ ^jJjoJlSJI ?lLs Ujla a ' Ma all tiLiJJjjS II jh^'i AiLjaj Aic 

. ^jJjoJISJI LllljJ^)jS qa <_>aJjl S-^lj 

Ca 2+ + H 2 S0 4 ► CaS0 4 | + 2H + 

: (F/ame tes/) ti*Sf (Y-l-o) 

i ^jJa^JI JJC- j5j^JI L_ igl] lgjJaj*J .lie ojxa-a tjljJl CLlljjjVI <_H**J J 3 Jaj 



.at, n in 

liliuJ! ^linj AJUJI oJJA <^3j i <1 <jj] V (—Igill ^jja. ) a jlaaJI JJ^J (Y 

i j^^aJI liLjjKjj-llgJI jh^'i ^fl Jjb jAj cs jii!Aj]l iilLiill l_fijia (jJ-aiu (V 

. f b jl 4^111 CU 2+ oAaal! CjL_i ji c-ba£j /l 

. tjjjia tjj] ' ■ '3 111 Ca + ^JJJoJlSJI tllljjji L-b a£j / L_t 

. tuftj tjii^al tjj] ' ■ bj 111 Na + ^jJJjJ-all dlljjji L-b oSj 

. La i oill t_j _j] ' . bj 111 PC + f jJjojIj dllj jj L-b oSj / Jl 




- laJluLa]! ' ■ bj 111 ^Jt.i.tij -^J-a 



1A 



: t> JS1 A^UajSUI l_lSI /i 

, 4_UJa»^0^j-l^Jl 

(NH 4 N0 2 ) - (Na 2 HP0 4 ) - (AgN0 3 ) 

: U Jk (Y 

4jLdjLa.ll dj^Lc-liuJI (jjflJ (jjajuull £-a 4 -ilia jj 1^ II diljjJjSiJl ^ LmJ /l 

. oJjb ^^Aj CLiljjjjSiJlj 

LailJ t ^ijVI AC- jrt^> flll Ajj ia^a It J jikiil! (j<M L_JJjjjJI (jjjj ' all <aJ 
. AjliljJI AcjAa-aJI (JjSjuj (j<uJa dlljjjJI Jjjj (, Vu^ij 

: jjj Ljj jj-aj ^1 AjjjSbll t_j_)L=k_iil jSol (V 
.HCO3- j C0 3 2 - /i 
. N0 2 _ j NO3- /m 
• I" j Br- / c 

; (_£_jSVI (_yas^ II ^cjJaj Aij^l ^j'-^j"^ II ' " ll <*- j aa a (j»a A&_aAa-a (JSi 

. H 2 C0 3 < H 2 S0 4 < HC1 /I 
. H 2 S0 4 < HNO3 < HC1 /m 
. H 2 S0 4 < H 2 C0 3 < HBr / c 

: ^-a Aiftl L_^l*-ajl J^i (<= 

I. Na 2 C0 3 + HC1 

II. Ca(N0 3 ) 2 + H 2 S0 4 

III. K 2 S0 3 + BaCl 2 

IV. Na 2 S + (CH 3 COO) 2 Pb 

V. CdS0 4 + BaCl 2 

VI. AgN0 3 + NaOH 



J) AjjClslI (JjLjJI Ajailuil Jc C-Lajoii (_$jJl (jjluiVI i taJa 1 J £tjJa j ^ 
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Jc ^ Jn g^lj Al 3+ oJ c> ' <J NH4CI J jk- <-_aLJaj I jUl (V 

fjlc. (jllaJ ' aia *N tdjjjjJ^JI (j^ala. £a (D) jjJac!/UI L_l£j^JI Jclsuj (A 
(J^la a AiLja) . ^jjjoillSJI 1j 1 j jJjA Jj^ a £a 4_k.lili 1 1 bjji tluilj ^ Sa*J 
3 1 aJ . 1 1 aJjl tluilj ^cjjj frLaJI ^fl (D) (Jjla-aJI Jl ^jjjjlii-aJI LjljJ^)j£ 
' . J (D) ^ui . (JjjVl jjjj LiAi tji^al bjl (D) 

AilaJI ( -LIS jjlll aJI (jj*^ CS^' 4jjUa-£]l <xa^s\\ lJjSI 

.L_l£j^ll I^A (jj^J l—SjS Jj-aj JaS3 3 Jjl J aj£ II dlV -iU-oJL) t till jiill ^IjauJI 

: (j^ (J£J AjjL aj£ 11 A*Jj-a3l L_n£l jl ^joj ^ • 
(Jjla-a J) ^jJjLlI JjjjK Jjla a t_fiLjaJ LaJiC (jj^JJ (_£^l L_iS^aJI /) 

Ujj-aVI jlc- JjiLjj frlj^uiJI Alia 11 d Lai£ ^ Lmj ^jjJaC V ' * /c_i 

. ij- all -lLui£ jj-IaA jj_yla a ^j-s ml La-lit 

. 4 ■ <a aa all ^jjjailjjill ' " ll ja 1 a_jjj (Jjlsk-a (J^JaJ ^ ' iaxa (jjjui 

. ^jjjjj^all dlljJ^)j£j ^jJ-ijj^all Ajjjj^ /<__! 



v. 



u imll J ih Til 

Volumetric Analysis 



LluijJ ii j t^gij^t ^jUaJ^ll JjilaaJI c_jIj£]I IjJA (Ja AjuLuII 0.1a. jll ^ Lil jLu 

<c.|jj| ,la.V ^'--j*"'' 1 ' 11 La jAj i ^ilA^l] (Jjiaall ^ 4j»o£JI ^^aijil] q^jiOu 

. a II ^j-aSJI (JJaall jAj ta-la.^]! aj& 

: t^la (jjJa o^C ^gjLlajS II (Jjlaull (j* ^jill lig-Sj 

J3j . Aijja-aJI ^^-aSJI (Jjiiaall (Jjia ^^31 j Sauijl qa ^jj^l (Jjiiaall jIliUj 

i jjoiC- (j^l!i3l (jj^ll ^ frt-LajSJI flc (jjjoil ^-»-iaj ^ <Ul*i ^aLui 

AJj^JI jaia. l j±i\ j3 ^lHHuil ^fl I gjlfc A<ur-I ^iJI AjoUJ^II sIjVI (jl jj-all (jlS ' * 

. Jj^Lutll AjjjJI (jl jjVI ^tlUml J 4 Aic-i i ihrt\l t_luull j AiijLMI L_baljjl j 

t—lujjj ^aJ c.LaJb (JaJjj (jjjll Aijja-a Ajjc. ja.jj (Jjiaall qa ^ 
^aJ (jl£^VI J-^J t^jjj 4-lJ-uljll I^A J' aSJ . L_l jjQ V ojLa (J£joi ^^Jc IgjlijS^ .la] 
. Lia£ 1 g \)J»"l ^Ij-aJI ojLall -Ij-laJ (j£-«J (jjjJI I^A (j-*J • ijjjiJ ' 

; JjkjJI £■ jj]| I^J (^a^JJ JL\* ^Jj LuSj 

(Zll j Cll (j^ jj^Jj) ji»-aVI (jjLaall A£jfui (j^ Ajjc d ujj 
^ LgJclili Ajjxll oAfc ' " I lacl 3 jjl j <u£ II A^Jlx_<JI -l*Jj . ^Ija. • , ^ V £ 1 Igj jj 
^jja m-lJl j ' ajiaj]! tljULaC . ZnNH4P04 Cja LujI j ^a jjj j^VI dlliuj j3 

. jalja- • ,V<5 ♦ \ Ajjj ^jill Zn2Pl07 (-jSj^J! AjUplI ^ ^cjji (—boiljll 

. 4j-a jai<JI AllstSI ^ Zll S AjjlaJI <luull t_Lata.l 

: JaJl 

: AJoUtJlj jjl jlall jjc. ^U^VI ^^Kll JcliuJI Jl<u jl jS-aj 
2Zn ► Zn 2 P 2 7 

r . £,V = Zn 2 P 2 7 MLill JLSl^l sjUI ^dj>JI aJ^II 

V 1 ! 



(Ja Ajjjj o-la. J ^ V. ,V"l = "\0,VA X \ ^ Aajbll l±A\ siA j* *<jjaJI 

. Zn 

: ^pV! jaill Jc Zn a!& ljLu^ (jL<u AajbJI c> pi ' J° ' ^ <j* 

loTA x Y x . To . Y 
. (Jj^O^r- — 1 =^JI^Zn^ 

\ ♦ ♦ x . \ o . X 
/. U,.A= ! = ,J Zn _S ^jUI ^uuull 

J) (Jjj-ajll (j£«aJ (J*ilbj . Ai^Jb LjjaC ^gj jjll (JjlabJI (JJ^a ' ° i aJJ 
j aSI JJU AS-llI s^A (j^J . ^jjll Jjlaall dlblaC (_>a*J J Ai^ll (j* Alllc dlLa.j.1 
^ J i <aJ ^jjll (Jjlabll (jl ' " Ua J < L_bail^)ll jl 4 i LaJI AilaJI (jjj (J^aii LaK 

. j- i all Aitlb JJlaaJI J AjLaC JJC. Aaj^>la 

q^jjuj (jlj t o^a-VI -I v^*...l j^ustJ jl J aj£ II JjiaaJI jAj 

I^A ^3 Aalla i'uiijl ALalc Alila. I . lUaju AjjJjJ jl jl JjUMI j^ p jj]| 

liUi] j t JSI tllbLaC ^g^aaLaJt JjlajJI ' ■ lllaJJ <^j_JI JjU'tl AjjlLaJb 
*l ja.^1 Al j^jj j ALluuJb jjiAj Ajji tdli Jl AaLjaVb . Ac jjoij ^jj 

. ^uboll J 4jbJI A3 J j 
j-a bjj^)aj Jjjxj aa a ' i aJ (j! ^^aavaJt (JjlajU ^UJI I.1ia3I j] 

(_£_oaJ (_gjb cjj^ " (j«a i Sj^)3la aa a Jj _j;l£jji]l ASj^to ajLa <_£_&aJ (Jjl (Jjla-a 

^^jx-aJj . (jb-aij jl s-ibj (jj^ t*-a !/Lcliuj ' " ; i lA jj^jp jlj-«JI o^bJI 

a i la aJl 4 <£>UJI ^ J U^*-° Jc-^ ^aJJ ^g^aaLaJt JjilaaJI ^fl Ajji ja.1 

. ^g-uiball J jla «J1 J <—S jja-aJI jj^jjll jj J jla^aJI t_aj«jj . Jclioll lilJj AtaU-<u 
ajjb-Jb t_ij«J3 ^bJI Jjla-aJ! J jL Jl I^A AaLjal AlLc Lai 

. (Titration) 



VY 



(j* Ijl 4 (JjJla-aJI £-a (_Lal*j]l ^aJJ ^g^aaLaJI (Jjlaall ^fl Ail ^cjJaljJI (j-a 

a * l^lm Jl AjjojLujVI ^J&lLaJlj tllLaiJaj a^JI (J<r» U ^LaJVI AjIajJI (_£jjjjJa]l 

: JL>a1I |j* 

(—lllaJI LaA JiSl jl jAiLa jx (jjijla^la kJa jA : (Solution) J jla-aJI 

^> jjSVI * jaJI ^jjlaJI JSjIjj 4 (Solvent) (-jjUI j (Solute) 

. Jjla-aJI 

Jjla « ' - 'j'^^ + 

ojLa (jj^J (jl (jS^Jj (Jjia-aJI tlllijS^ j^ JSVI 4j»a£JI tlllj ajLall jA : L_ll.la]l 

. <j jlc. jl aJjLui jl 4 ;\ i 
ojLa (jj^J (jl jS^Uj Jjla-aJI clllijS^ (jo jpSVI 4j»a£JI til! j o-iLall jA : ' 'j^ *H 

. 4j jlc. jl AjjLui jl 4jLl«3 
. <^La]l Jj^ «J1 J ^ulill Jjla <JI (_5»«Jai eLa (—JjXall jl£ Ijjj 

^luia.VI jl Jl (JjLujVI (_gi t£l]j ■^Sj • (.y^-* JajlLa-aJI ("unjl 
jj£^I1 ojJ*xaJI ajla II tlllj j£»a .la.1 tllLa-luta aa a J 1 g i ?->t j jc- ' ^JajlaJI 
(_5jj ' " IJa J 4 c.Lall (J-*^)3I till ilia tlljiixJJ c.Lall ^ ^Laj 1 '*L.U |jji . ^)a.VI 
j-a sjjS J*j l_1uijju (J-*^)ll ' " A ilia jl Jaa^Lij . oJ^a-<JI till iLLa II ai& 

(Jjia a jjSjJj JiaJ jSjoiII Cllllla. jji 4 c.La]| J tj£jai Lujl Ijl Lai . (j-aj^l 
<LpL«JI ^)Ala-aJI (_Sj3b o-ija-all (jJ*SLl V — (j> ' "' V (Jjjlaia 

^gljia J jla^a I jA j . ^iill «.LaJI jc — AjjlxSI tllljiia Jl ^ -> lalaiVI 43 jllaJI j 
j;l<U ^Jl (JjijL>jJI 4ii-a3 . «.LaJI lllljjja. jjJ LaJ3 jSjoJI lllLuja. 4_i j"'- 

. JaiaJI jc gJjaaJI Jjk^JI 

. t_ljj»a — L_llj* ^Ijj^U A 1 «ua a (Jl£jjjl o^C (Jjia-all Liajj«J (J-ajoU 
fcjjb Lpli aSjLJI JJla-aJI Lai . jaJ ^ jlc AJjLl UdJ AjjUJI JJLa-aJli 

(Jjla-aJI ^^-ajoua «.LaJI L_uAa1I (JjLuJI jl£ I jji . (JjLuj ^ L-lL^a J\ (JjLuj jl jlc- 
^■i.na. ^i L-lL^a ^tjoia. jluujl j-a JSjjjj Ajji L-lli all Jjla «JI Lai . LuLa Vjia a 

. ja.1 ' ^ 



vr 



. 4jjU JJL-aJI <^1c 0.1a. jll 





JjlavUl £jj 


AjjUJI aUall 


JjU ^ jlc 




til * Tci 

jjlui ^ jjlui 






^| 


jlc jli 


( 4_>j]a J\ ) ^ »UI jliu 


jlc JjLui 


jUiJI c^ljj 


jlc ^ < ^ 


j "iM i\! j, j'-^jj^flil ^n,« 


> _iL .-1 ^ jlc. 


(^xla^) liljjll ^ JjiJ jll Jjia-a 




4jj.l»^]| liljlluJI 





(_SjaJ jA ' aJl Jjla . Ia jjSjm ^^Jc jjlLa-all ,_>-alji. .laiiJ 

ojjijS "U-aS LSj^S j^J**^ (Jjia-aJlj . L-uIaJI <luulb L-iIIaJI qa "t>j\i 1 <~t 

< a^ja-j^ll ojLall <alia<JI lllllaSJI ^^Jc v_a3jjj V JjJla-aJI (_^<al jA. j . c_j|.la]l j-a 
li& (J^ijj t ^LaJI j»a ^joi ^ * * ^ \J\1a jj^J (jl jSjoJI j»a j»lj^ 

^^ja. jl ^joj ° * * (_jk jl ^joj Y * » LI j»a (jj^j (jl j^-«J jSjuJI j-a ^»l jaJI 

dl^laJI £>^& (JS ^J . ( .laJj ^JulJj jl ^u) ^ ♦ » ♦ (_£jluU jilSI ) £.La]l (jx jil 

^fl ^jSjjJI ujla all " aj^L^. " jl V] ' c.LaJI ^fl jSjj ujla a ^cjLJI jj^J 

J^J V LJjlaJI ji L_llUI (> ^ilkaJI LjUaill jl ^^jxJ Ua - flllkj <SU J£ 

. jj£jj]l ^jojI Jjla a ^fl ojLaJ <Aluull Aj^SJl ^^ic. j^liaJj • (Jjia-aJI (j-alji. 

; jx<aaJI V (Jl!LaJI (Jjfuj ^^Jc Ig-la (jjia o^aJ Jjla aJl jc JJJt"<ll jS^Uj 

: (Molarity) (^jV^I) ^^aJI ^1 j^j^l (1 

. (JjLa-aJ! jx f 1 ^^ i— lliaJI dlVj-a JJc. ^jLujJj 

L_lllaJI CjV J^> 

V * ' ^ T J V ° " J * ? ^ 

J jk-aJI jl J jaj r ^J-iJJ / J j-a AjllaJI ojLaJI CjV j-a J^C jl£ till 

• C£ J^>* <aKJ >a JJ j» tlua. ^ • , ) jl l5 J^>« * . ^ 



<La r ^jajJj]l H3PO4 (V) JjiujjiSI j'-^-^^ (Jjla-a Ajij^ja ' . \'»->\ 

. ( c^jLuiJ H3PO4 (>« J>all <SjS) . r ^joi 

: JaJl 

H3PO4 ^ . c c . 

I ^ A • 



^Ija. 1A 



-jua ^ ♦ « ♦ X H3PO4 J>« » , ^ 
r ^ 



H3PO4 f JjL-J 
. r .,Y • jA H3PO4 j^Ji 
t * > , Y « ^ H3PO4 — S <iuulb J 3* 

C r ^jojJJ / Jjx • , Y • (_£ jLujJ H3PO4 jj^jm 



0) 



r jaJb SjUI 



4JU SjUI ^Vj- Ate = £^ ^ : J Luj 

MjtUt OjUjj CjV>a jjfe 



: (Y-1) Jtl* 

. p .,Wo ajj^jJ Jji^> j*^^ , 

: JaJl 

.• v .• 

AjIAaSI ojLaJI CS)Ija JJC = ^jojJ^JIj 4*aaLa X Jj^ all Ajij^ja 



H3PO4 



V ^ Y<=,o x ,,Wo 
= - 1 v 



^JJ ^ « « « 



H3PO4 r i j*. ..irv = ux ,,,,in = 

: (r-n) jn* 

NaOH Cy Aj* ^> * * *M^j l>* J ^ isjV j-JI jj^j^I U 

? I.Ia.lj ^-uuJ Jjla all ^ubll ^a-aJI ^ J i <aJ ' " ua j c.Lall 

: JaJ 

<J J=Jb ^Llliall <t£ll 

^1 jaJb J jJi a!£ 







4JU NaOH cjV jjc 
<»l j?- Y , ♦ ♦ 
i»l j?- * ♦ . » 



Ate = ^ ( ^ 

^oijjJb (J_ala all ~^ a " 



. . 

. . . = 



• ? r -T 

: (£-n) Jll* 

: JaJl 

: J jL Jl ^ <jllall NaOH cjV >« .i^. i_>luia. jL«u 

^"^ajaiJjlb J jla all ^a-a X ^ j$ jJl jjSjill = CjV >all .He 
. Jj* = »,« X .J = 

. ft jaJb JjJI Al£ X CjV jaII jjc. = aJj^II 
. ^I^>a. Y , • • = £ • x • , • o = 



: (o-t) Jlia 

v 

<S (Jj\^> <n (j-a V J„' ' <aaJl] *J-' ''J' t — '^-OO^ L>* Lalj^ ^ 

: JaJl 

* v 

. ^Jj.}jx<a]l 

Na 2 C0 3 r tj=. r^A = 1 .1 x .,r = 
: J ( ^IjaJl jj ) ftj^jLag Ui^l to <Uk Ijaw J^l (Y) 

) » , « s jjSjm Vjla a (jj JjSJI Aic (Jl!LJI (Jjlfuj cs ic j . Jjla all jjx 

. (Jjia-aJI (jx 

: MajjjJl MjjIaJI 4auu]| (V) 

tj\ i AjKII J jL Jl <^fl (_lllall lgJ3 ^aLjJ ^pll AjjiaJI AjjouII j 

: (^jLuu b_ii 
: (1-1) Jilt 

/ ^ j t -1 - LlII £tla (jx AjjSJb X , • ^^ic -1 - LJl £tla (Jjia-a (_£ j!ia*J 

. -1» lall ^La (jx Lai j^. A • ^^Jc Jj. U (Jjia^aJI I^A (j»a ^jL Lai j^. .^La 

: JaJl 

t ^»lj^ = tjjla all AjjS (jl (j^ajlj 

O, > A. 

1 • • (jj ^-^^ 
. ^LtJa ^La (Jjii-a (j»a j»l J^ ^ 1 * » = = (JJ 



VV 



: 4 m^I (t) 

Ula 

(_ 1I.L0JI --^ a 



(jl ^jj^J 1-^3 La^wa. \ ajj£jj (Jj»a£JI (jx Vjla-a (jl (JlL LaAixS 

• Jja^JI jwi H ^^Jc c£ jJau JjJa^ll !i& (j* ^ui 

jjta-a (_£juaj (^ill Jjia aJl jA (jjj ^^jaiball (Jjia tiuiba Vjla a ^ah.iU 

. AjIIaII a^LaJI (jx <Laji»»a <SjS ^^Jc <Aa 
4_>liaJI ejlall (ja t>« V cr"^' <J ^ JJ' J 

jJjJaaul ajlc 4j-aajaJI (Jjlj^ll a^ali n"lj . JjU (j* (j^*-* 
^joj , , j| fjj] 1 ^"w . i. (jjSj Aaa ' A alia a j»la*a.l 4j»aa*aJI Jjjlj-^lj .4_iuAja]l 

ecy elf e V c 



^j-a aAla^a 4jj£ ja.jp ^jojLa (Jjla-a jJjJaauJ ^^aa^aJl -I laJluil -lie. 

<Sj£]| ajlA S-i'-^J ' c> u '- uta> u'j^* IgJ ^^-"IjS (Jjla-a jJjJaau jlj^JI a-iLaJI 

4. 1.1.11] jLuba <Uaa (JjJa-a (J»a»Jj i ^aa^JI (_3^)J-^I (_Ja.lj jiaia £.La 

. 1 all 

: (V-1) Jll» 

(Na 2 C0 3 ) 4jjLa!lSI ^jJJ jj^all CjU jjjS ^ 4jjikaJI 4jj^JI L-bqiai 

^joijJ Ajxjoi aa a ^3 j ^ ^ oJy£jj ^joiUa (Jjia-a __)JjJaauJ 

: JaJI 

!^a.lj Vj-a (jl <^-i*J ^"j 1 -"^^ 4-aaLa.j ^ ^ a jj^jp (N&2C03) (>« ^5-"^ Jjia-a 

. (JjJa^ajl IgJjoaj L_j!iaJ! (j-a 

. r l ja. U 1 USJ (Na 2 C0 3 ) t> ^a.1 jll lM 



YA 



: (A-n) JH* 

sjJjJaaJ aJ (Na 2 C03) (j-a JjU (_£jV>a]l I Jin's 1 

. ^joj Y • 4jtui aa a (jjjj-i ^ A^L^aJI o-iLaJI jx ja. ^ • ,*\ 

: JaLSl 

(Na 2 C0 3 ) t> Jj- • ,1 = JUi (Na 2 C0 3 ) t> U ,t 

l_lliaJI dlV 4-a .lift -i.ti » t ti - vt 

^ — = JjJa^JI -UjVj* .'. 



• f = Yo. 

j&jh V_yla * La ojLa j^ ( ■ ljl]a<JI jjj^l <— iLuiaJ jj) 

J ( "SJ-*' 'SAO^' AJljSJI ) o-lLaJI lillj j^ (J^aJI 4JjS j»a Aj V j^*-a 

jl^all (J-J-aa. ^^Jc !i& Jjjiajj (j' <_Ja (jSJj . ajJjJaaJ -"'j ■ (_£.il! (Jjla-aJI 

V 4_iu)lj3 (JJla-a jJjJaaal 
AiLuJI Aij^iaJlj 4jjojUall JJla-aJI J^aJ - lalmJ ^gjll ^ J _a-a lilLiA 

j»a t^Aj (_3JJ_a-a jj£jdJ ^^gjoiUa (J_jla-a jJjJaaJ LajJ (_lg-uill j»a <_>*ilj 

JjxJj . jJ*-a j^^)-a tjj^ " J' 4aL-<3 
Lgjl jl «.LaJI (j-a 4iSja-a dlU-aS ^^ic (_£jJaJ Igjl jl t o^Sj-a JJC. ojlaj CLllj Lg_i liu 
jjJaaJ Jl ja.Vl ajlA Jla ^ . l^SjLu Oic jail j* (C0 2 ) J <J>iaJI 
AjLaJU AjIAaJI ojLalS (_3J3-^I j^J^' (j^HJ ^ ' . Ijlla^l jj^jjil! jj^JJJ (Jjia-a 

Aj»a.^aJI ojLaJI ajsA Jla j .aJj! AjjJja ^JaJ (Standardization) A^lLa 

: Jajjjai oJiC- ^3'°^"' jl LJaJ 

. lillj jx AjjjS ji ( X ^ • • ) 4Jlc o jtai tlili jj£j jl /l 

( XjJaaJ t W a IgAuulLa jlj^Il ajLaJl ^-a LgJclij j j£j j) 

(jUaj (JJJJjl t^C- a^)SljJ-a jj^J jlj ' cllbji i r-t ^\ IgJjLij j " ■ %\ 

• j^a 

(jjj^ f 1 -^ l5^J^ *^ 1 * 'j^ ; XxsajA AjjjjaJI UjiiijS jj^j jl J i iaaj 

. l^kUj j^aJ V ^Lkki 



^ « « ♦ x . 



. (JjljuJI tllljjla-a ^gi VLaJiimI a j "-^ II jjSI liLjjKjj-llgJI j'-'^ ^f^} 

t> J^k-a LLac j . (HCIO4) j (H 2 S0 4 ) Jla*i-VI ^Lj 

<-J)j*j (^jilt jJI (HC1) Uaj L-l jllaJ I (j* ^Jjil j^J^J (HC1) 

( 4jjjl£a ) ajjl»-a 4-lLa* J AiLj a jjSjp (jJ*J ' (_£jlaJI ^jjJI a jjSjjj AjaljS 

AijLuJl a<aaJI JjIN .nil A^oulLJ aIoxIuiaII AA jVI 4j.uljqll J j^]| aAl 
ajJ ij- alt tlllj_aJ^)£ ^ia^)iJI l-l^J (JawJjoUj . (JjiSI ^)_oJI j ajJ ij 1 ail («lllj_aJ^)£ 
JLi J Ja.jJ ^pll j a jlijll (Na2COs) 4jjLa!>UI 

^'A\ j*Vl t JaVl Jfr Aclui ' aJLal a°YAo 4^.jA\ ^^ia. jj3 J o^Lall 

(NaHC0 3 ) t> JjI tjl Jjj^j J! ^jjj US tUja j <SI J 

t_j jllaJI aa-aJt J <_ll jS j Ajjiill -1*J Via. AjjllaJI 4xa£]| jjjJ .(Na2C03) 
. tllljjJjSJI (JjK a ^JajojIjJ iiLjjKjj.llgJI JjlstJ . c.Lall (j<a 

Aj\j\ ^JJJiLia ajLa£ LjaJl (JaxIuiJ (jjSljjill Lai 

( ^LaJI ^ 4j»a2ll «.La (j-a llAjjja. "oj^SiZ- ^Ac iSj^i iS^ ^jJ^jj^all 
(JcUjj t^a- ( ''^ > ^-» (j ^aaJ £tla j£ ajbc jAj (Na 2 B 4 07. 1 0H 2 O) 

: <Ll*»a]l Jjij Ajjall j'^j^ It £»a (JjlLa-aJI 

B 4 7 2 - + 2H + + 5H 2 ► 4H 3 B0 3 

•. b^Uj 

LjLlajS 4jalfLa ^^joiUaJI Jjla aJl (j-a 4 m 4j-a£ AiL^al ajjla-aJ! ' '« 

^^joibaJI (Jja-alS 4jlj-aJI <luull jl ^jj^J li&j 4jjjl*-a jIjaSI Jj3 a aJl 4j^S\ 

jJoii. ajjla-a C5 ia . Jj-alaJI JclsuJI <Ll»-a ^ 4ul j^JI 4jjoij]J <L)Ua* ( 

: (NaOH) Jji~> (H 2 S0 4 ) 
H 2 S0 4 (aq) + 2NaOH (aq) ► Na 2 S0 4 (aq) + 2H 2 



^1 AiLjajj . H 2 S0 4 £y» Jj-a J£ NaOH <>> AiL-bj 

V <xa£ 

I AjGVI ^1 jjVI (j-a (jj^J (jl jaxJ ajjla-aJI (Jclij 

. a^clL (jh^^. Jjl*J (Jclij /I 
. ^(Jl jli.Vlj aAuiSVI ) AJjia-a a^La ^ a.lui£j^ a^La (Jcliu 

. (_£ ja.L ajLa L-Uj j j"' (Jclij 



A. 



. »Ua£1I aJjj ^ liLoai lie tSa.V 

^ (jUlliill (jUajjaJI jSljJJ (jl ' ; iaJ ajjla-oJI (JIja^M ^Jrt~> 

: ojjU-aJI Jclsu 

Ali.iull JjJaal Ajjjjx 3 jjl j <u£ ALbtAJ 4 Lj aJ (jS»<Uj t laAuij (Jclidll (jl /i 

. (jjlcliiLall (jx J£] AJ jaII 
JJ^=> J JjLa^l UJ^ ) <jH>« JclijJI Ajlgj ^ JH«J J L_L*J /<_J 

till Jjl*-» -k. * j . Jc-UqII Ajlgj AJaii JjOaal lilli j ( As!/ti. jl (—lull j 



^JC l^jji JJ«JJ j^-*^ ( y^C- ^ jj ' U> " ) 3 Jjl J ajS jIjA (jC ojUc ALVI 

.la. jj ^pll 2 ^ Aj j] ^ .Ha^ JA»J AS dj-iaj I j) Luilia J^l Jf«Jj 

. ( Ajl^jJI ) jilSjJI Aiaaj .lie t eJclill j j'-^^ It j-a AjsISoa C jLa£ lgJ3 

(J-llxjll tllljjla-a 2 ^ jaJjub&ll aLVI (_pa*J ^cjJajJ — (Jj-^?^ 

. ^JclaJI j i ana It Jajoi jJI ^ jjl j 



















AjjS a-lelii/^ jii (J^kv-s 














(Litmus) 


AilsuJa a-lclii/^ jii ,j>><\^. 












(Methyl orange) 


Ajj3 a-lcU/i hpt i ^ 









(JiuiVI <— S^)IaJ! jl Vj (jJSjiail <b».jaia <b>.j.la -<Ua.L>j Ajjfil jc ejbc 

(_g$ j| j j j£^U j _g J '1 > r— i jl ui a jl -1 * . ^ ' j-g a "J ' ; l_aa i " a 

^ L_lll iJI j£] j ^ l—lbJ ^ nil! til jUlu . <ia (_1 jp mrt\l J jla aJl 

jx IAjj t r ^jai • 1 (p* i n <b».L»jai -1 laaj "I 4_pUJI till jjla-aJI 

- laluU . ^) JSjiJI jlail .JiuiVI <— i^al\ .lie ^^JJJj jiu-aJb 

^aJ ajjla-aJI JjjJ-i ^ £jJajJ cjj^ " £«a (JclaUJ tjj^ a --^ a (Jjbal ajlc- A^la-i all 
(, _ it >n i_ alLI 4jaaJ (j£-<u LgjL jiAlj <A,La-i nil jli 111 . tlluLa ■*> aa a Aj-laJ 

. (Jiuil j^s \ fl"'^"'* ^ (.SAM ^bu-all 4_LluiI LgJba Jjla aJl 

: ^P^l Sic- 1 J-a u'.'V <a.La-i nit at laJluit Aic 
bj-luiC- ^aJJj . jiaLall c-Lalb ' to>lj jl jijj-« c-LaJb t-lja. bj-luiC- ^JJ 

. lgJ3 £jJajJjoi (_£a!I (_3_ala aJI jx (JjliJ (JSVI ^^-Sc jijj-« 
? SjjU-aJ! ^'j^-! -^C Ig-^ 3 ^-^J^" ill Jjia J <a.La-i nit (JjoiC- ^jj I iLo] 
Aa. ^J) L-builLa £-a3 -1 laJluil i bj_}2 ^jJajJjj (_£A1I JjW „\l t 2^1^, Jl *XaJ /\ 
^Jauj ^-il ^ ' ■ ^ (jl (Jiuil j»a ^»bu^3l ^JSJ t j°- alt 4»a!/lc j»a ^^-Scl 

(j-a (J-JSlaS ■ij^a 4iaa.^/La < j°- all 4-a!>lj«J Ljla-a lgii.lAj (Jjia-aiS 



. l^ia (JiuiV! «-_>?^' 

I^_i9 l^ "J ( «Jjls«-aJt *lgljl AtJ ) <a.La-i alt -I laJluit AcJ / 1 

Ajjjjl (J£jj ^gk ' . ija 1 u * Igiiuil t (jjSjjaJI <b».jjLa Aja.b> j ^-Jj^jl 
. ^ciolail UjJajyUj SjIc 4j^aLa]1 Ajoji l_u£jj . 4jjUJ1 till jjUvaJI ^3 Uj^al,^Vunl 



AY 



: 4j^aLo]1 ^I 'iVuhI .lie AjIc-Ij^ ^ bs 

(Jjlkj I g \ i nr. ^aJJj . (JSVI Jc- (jiij^ jiaLall c.Lallj ^aJ c.LalLl t-lia. ^ ■ I— l^J 

. IgalxuJ^J 4jL^aLk^aiLal -il^oll Jj^ alt jx 
? 1 gliai "I jj Jq\uu ^All J_ala all J 4jL*aLall JuiC- ^JJ bLal 
j^s JiuiVI t-ijiall £jJajJ Jj^ all j^s i la all a II (Jail Ig^al Wuul -lie /Y 
aJ aj ^aJ 

( <jr?^j ls* UJ^J J J^aaVl t> ) J jla-all Jab AjjjjVl 

Jc-I (_£ jpjowa Jj l _pa^)*Jl l-l^J A i^h^ ^ 4j^La abb jl ^aill 4 U, ,,l j i JJa alt 
j^aJI j-a V . ^j^aLalt jya Jc-VI £_>?^ J * J J^' 4-«vbJI j-a Jjl^ 

tioi bA 

^aJ Ajlluill £Jx<aVI "UauiljJ <U-aLa]| j»a Jc-VI £_>?^ <^J3 Jplc-j ^aJJ /V 
. <ia ^.1 , ^."i I Jj^ alt jx 4_^aLaJI 

(— iLiijj (jl Jjla all ,_j-q Jalail ^ajoiJ ' " Ua J bLJI 4*ball Je Jai^l Uuaiu ^ /£ 
4-a!>l»U bjba-a l$ia.l.lJ Jjia all ^cJauj ^ J i aJ (jl Jj JiuiVI £_>?JI j-« 

. 4jL*aLoJ! 4.t.i.ilS oJ-la-all 
l^JLkljlJ J_ala all liljMJj ojjb-all (JJJ^ Jab 4j^aLall qa JiuiVI £-*-' a J^ /° 

. blaJI 4 jC jX^aVI (Jjja (jfr t*H^ J (JJJ-^I J bjlalj l_ iLuiill 

. J^-J ajjla-all <_3JJ-i jl-^-J Aj-aLall l_ija (jj^!/b Jjla all I— iLluijl .l*Jj 
liljMJ Jj bjlab (j^ J jla all Ljbuijb ^1 jjoj!U 4j^aLall Jab ^ijj V 

. bjlalj L- ll >n'u\ J jla all 
. jiaLall frLalb T^Lta, Juiij "U-aLaJI ^l^aJjail ^ LgJiiV I Aic /"I 

: J^ jliil) fc>uA ^ ^T-K-V) 

J 4 laluil t_llliJI (j^lj Ailia-a P^-?^! JSjuill Jajji^ (JJJ J 

jj Jjla all o jjla-all <_3JJ^ J jXjJajJ . ^jojY ° * AjuoJI jj (jjj^ll dll jjla-all 

. 4jL«aLall AJauil jj Allj ^j]| j JAa-aJI ^ajail 

: ojjla-all (JJjJ -I laluil AiC AjIcIj^ u *.'*'.' l-« 
jl^all J jla all <Jj Jib jl Jj3 jlaLall c.Lall j c.La3b tAla. (JJJ-ill JuiC ^aJJ 

4j3 jXjJajJjoj (_jill Jjla all (ja JllSj ojjla-all (JJJ^ JuiC- ^aJJ V bLal 

¥ 4^-aUllj A^UuJI J3U J 6*Uj ^^^Jtjjj LaS 
JuuUj <La.lAj (_jill lajla II jx aialll ^aJJ ojjlx-all 4jlaC qa 

. «.Lalb TjUa, 



4ja.la.j a M j It. ..I 

t> Ac- - laOuU dlljJ t 43.1> 4 i jjj a Lala*a.l __)ii*J V (J^Lli! 2 j| jU. J 4_L^| 
L_bailLa £-aii -I laJluit U3J lg-J3 4juJsj jl j»a]| Jjla ajl J <a.La-i nit c.(_Li .lie . 1 

f-y u' cl^j £-aa3l ^Ltj) ^jj . jlttt^i ^LaJLi fjja. aIuic. 

. all nil (JaJj cjj^ aJl ^Jajoi Ja-b <a 

. 2 t.1 1. ■ nil (JaJj (Jjla-aJI ^Jajoi (JiuiV Ljjla-a 
^joill jx (_SJJ>i*J! jjoiSJI Aa.La-1 nil (jx ofrljiSI ja.jj (jl <— laj .V 

^^jJI 4-a.L> jll (ja ajjaiLw (Jajj VI ' : laJ 4jL*abJI ^Jauiljj (Jjla-aJI (Jlj ^ic . £ 

j£]j t J jk A\ till j JiaaJ 

. J jla Jl Jail 

(Ja.lj ' . '7- J ajjUtJI (JJJ^ 4-k^aLaJI AJajoil jj Jjla aJl Jaj .lie . 

liljpj (Jj < 4jL*abJl (ja (Jjia»-a]l L_lLluijl ^ ^IjjoiU o-LoU £JJ 4j-aLa]l 
^ i nil j»a (JiuiVI (■ jaJI ^ jtiiaaj jl AJaSj ajLtll ^ ^^iu . Lulalj L_lLuiil3 
/jl-iWa',11 jljLoj . ojjLr-aJI (JjjJ ^fl Jjia a (ya "Ujiaj La 
(Jj]a (Jjla-a jx La (jV LagJI ^"'7 '' (jl V jlliailaJI 

JJC- ojjl*»a]l (JJJ-^ ^ It. ,.U f.j±$j Ifrluba^ a ^aj 4j^aLall (Ja,|j 

. 4j^aLJI 

jl a^a.lj ojiaa (JSjoi ^gfl ojjla-aJI (JJjJ ^ (Jjla-aJI (JJaSI t_aLjaJ .1 

. it'aa j U.a 

^ic <a.La-i nil ^fl (Jjla-aJI JaJj a JxJ <a.La mil (Jiuil ojjla-aJI (JJjJ ^jJajJ .V 
j a 1 <3J Lax SjjLt-aJI CjJJ-^ AaIa-i all (Jiuil (jo <-J)^ jj^ ' " J ^) a ' tail 

(jo 4_Lijal -'j ■ " ill J jkJI ^laa jl 

. ojjla-aJI 

f.[±l\ j\jm1ui\j ojjla-aJI (_3JJ-i iiL^)aJ ( ^a jlsjL ^ a.la 1 nil j»a all ' i\ ■ aJ .A 

. jjlclilaJI jjj jla-all JjaJI SalaJI ^ jSblJ <a.UuJI jx J jk-aJI AiLual 



J*J ( S3 jiill t o^jiaa 0^>la3 J jla aJl ' al i aJ Ajlfrill <Uaaj (j-a L_ll jjSVI .lift 

frLall (j* (J^J ojjla-all (JJJ-i jl-^ (JjjiC. ' . '^^ Ajlg-iJI <Uaij jliicl (JjS 
Ail i till jiaSJI £-±a*. (jl (j-a lilli j Jai.htJI ojjjla -I lalmb jlaLJl 

. ojjla-aJI (JJJ^ (_gi (Jjia-ail vl*2 ' " ■ J3 AaAa-i all ^ Jjla all (j* 
a«.\ jail ia.jj j !.lla. AaAajuJI ^>Laj^3 (Ja3 ^aJJ <Uaaj J jj-a j\\ Jjc 

yiic.lja cs Jc Jjj-aaJI ^jj (jl Jjj JaVI C5 ic CjIj^ tlDlj ojjU-ttJI ^^>aj 

1 a$ \\\ (JjAll -^-Jy ^ <La.lajai]l (j-a i _l_aa uuJI Jj\^> <^l aa a 1 ^jjjJlZus 

. jail (jJjlg-1 »a a II Jajoi ia.jJ ' ^joi * , ^ (jc 

; ^Vl ja-jll ^^Jc lgjl^)a.) Jj3 ojjla-aJI (Ja-ujJ (jl ' . J 

: 4a.lajai3l ^ J jla-aJI 

: ojjla-all (JJjJ (ji Jjla-aJI 

: A 1 ,-il a\I 4jt_ui 

: - lalobJI JJJI 

: AjlgiJI AJaAi lie. JJoJI jjj ^ JJJull 



.1 1 



AT 



^P^l jaill ^^ic J j^a. ^gi ^a.lajoJI tlllc.1 j3 J7 ■ 



Jjla-AJl ^ 
<_j j-^ ) 11 <^| 


Sf 1 jiii 


^ullLVI U 1 


Mjjaall 








r 

£ 



























— <a.la-uJI (j»a ' ■ l_aa ■ a aJl (Jjia-aJI --7 a Ja 1 ujj a 

ojjl«-aJI Aj^>aJ ^fl - laJluLaJI jlg-aJI ^cjJajJ (JSjoJI 



An 



oA^a1\ cr*^ on 

Ajlgj jjc. Jjia all a AjaLjalj (3 ^1 a i nit (j-a^ (j^lc-lala]! 

c-iLuia. jjAic (jS^u (J^a (A-«jL«-a Ajj tiuiUa (jjJja-oll (jlS liji t (Jclsoll 

^laill a-j (jjllclilttJI jjjljla all (J±£J$ J*J ^ (JJJ A3>l*il ^ 1 -V 

. ajjla-all L_ljlaJ (_>a*J £tJ^ 

. ( Aa.la-i all ^ ) liLjjKjjJj^JI (jh^^. cjj^ " 



NaOH + HC1 
1 : \ 



— ► NaCl + H 2 : Jeli&ll aLI~> 

AY 





j»jjjj«a)l JU^SjjJjA Jjia^> 




- v r 


^uj jj'" aa It aa a 




/ iC 








\ . 










Y . 


Y 






.,0. 


. 


r 



1 x 1 



1 x 1 



o = 



\ : \ 



,U0 X £ . 



o = 



x \ . 



...To 



T,o x i 



.0X0. 



X 



: (jl ^rVmn'l (jl Jjful Lax 1 liS 

o 3 x if 1 x i c 



.Jcli&ll AjjU^JI <hU-J 

^a ( a jjIxaII (_3JJ-1 ^3 ) - Jj ''j' alt 1j » 'i^ j jJjA (Jjla a a jjla-a : ^ 4jjAjJ/ 

2NaOH + H 2 S0 4 ► Na 2 S0 4 + 2H 2 : Jcli&ll 

Y : ^ ; (jjljia^all jjjj <LlJj»all <iuiiSI 



AA 













- 1 r 


/ «C 


) 











•,A 






Y . 


Y 


O 




.,.0 


o . 


r 



^lliluit t "J ( — ^) (Jj-^?^ <la ulJI till jjla-all ^ulSj (j-a 





(jA»aJI Jit 


dj-O-" '^7^ 




^ : Y 




• , O = ixi. 




1 . . . 


1 . . . 


\ : X 


* .* ^ = .,A x H,o 


♦ , * Y = 1 x \ . 


Y 


1 . . . 


W . . 


^ : Y 


. , . . \ Yo = (j i x i T,o 


i,« >\o = • , • X • 


r 


1 . . . 


1 . . . 



X if 1 X i £ 

. LagjjJ (JclidJI 4j-iU-a j-a 4_l3j»a]| 4_i,,,g]l ^ (JjSJJ La j&j i \ Y 4_Luil) ^JJ 



3NaOH + H3PO4 
r : \ 



-> Na 3 P0 4 + 3H 2 : Jcli&ll JUi*. 



A1 













- 1 r 




.,rrr 


1 . 








.,rrr 




.,0. 


Y . 


Y 








o . 


r 





Ji-O-- 


dj-U-- '^7^ 




1 : r 


'V 1 = ,,rrv x i . 
i . . . 


• , O = ixi. 

1 . . . 




\ : r 


, _ , , v = . ,rTT x i . 


♦ , O = « ,° x T « 


Y 


1 . . . 


1 . . . 


1 : r 


O = 1 ,. X 1 . . 


. ,V = 1, . x a . 


r 


1 . . . 


1 . . . 



x u j» x 



a- 3 x x i c 



cjV>j sjciai aouu J Aiui c^qii t_j jUiJi ^ass t> jsb ja 

4jjali]l (JjjUaJ L^jll jLaboJI LjljjljtAl! [J] (Jjl*j]l Aic ;J II 



A <M 111 1 J 

^f X ^G = if x i C 
s " <_>« 

pfcjjj-ll aS^A j*) ajVj- A^j = (fcjjjj 2Lhl*J j*) l^V^o ^ 

: jVill CJ Jc tuluia. o-ictsll a 1a Jl J jj-a jJI j£«<u 

(JclioJI (JAaJ Aic-j < j (l) (jijjLaJI jjj (Jc-laj (^JjAa. ,_vialjjal .lie 

: jla 4JjIx-<u 1 a$ ])} 

. '. ,jj ^A ( (JclijJI <Ll*»a qa ) 1 ill 4jJjaJI AjjouJI jl 

^joj = ^ j»a jja.L<JI cjj^ all aa a jl£ lili 
. (Jclioll Ajlgj ^ic r ^joi = j« jja.LaJI (Jjia-all ^a a jl£j 

I j» = (') Jjla-ttJI <ljijA jl ^yialjjaljj 
uf = (^) Jjia^l 



^ = — ^ » » » — = ^-ic-^-^i (i) >a ^^c- 



x c 



(_><a = y , , , = AicliiLaJI (l_>) ilii ja JOC 



if x ic 



^(■ x vC o 3 



(J* 3 X if X i^ = L> uXt T J f X u J ^ 

i f x i c ^ g x ^ c 



o 3 

AjjUt^JI AjIj^Jj ajjla-aJI frl^>a.) -lie (jjlc UlttJI (jjljla «JI aa a Ai^tAJj 

. ajJ ^ ' ail 

Na 2 C0 3 + 2HC1 ► 2NaCl + C0 2 + H 2 



o jjla-all (_3JJ-i jajJJjJ^all Jjla a (j* ^joi Y Aj^LaJb (JajJ ( ^ 

ojbj -I laJL ( . ilaJ ^ ^laj^ill (JAloJI (J;ib (jiijiaa jl ojiaa t_fiLjaJ 

. ( 4ij.ll JjUull AJaii a£aJI JS*J lilli jl dlla. t JJ^JI 

ajjla-all (JjJJ-ll ^><Ui,aft3l liL^pJill £a i tlaJjJj A^la-i nit (j^aaJI ' al ■ aJ (Y 

jlj-laJI (JjoiC- ^JJj ojiaS ojia3 j'-^-^ ^ l_fiLjaJ JjlsuJI ^Jaij t_lj3j 
t_lljjal ^^Jc (J l"l i uJ . (Jjjootl! 4a.la.j "UaluijJ jiaLJI frLaJb ajjla-all (JJJ-^ 
(J^xasJI tllljjaS tjja. (jj^JJ (_£^l (jji^l (jl "Uaa.!^ (j<4 (JjUuJI 4jaij 

(Jjjj (Jjla aJl liLjaJ AiC <CjjjiJ Saa J V (ja ^ Sail uiLall 

. ojjla-aJI 4_)Ur. ^gfl <*i w j jjtS La (Jxa < ojjla-aJ! 
(j^ o^jjla-aJI (_3^)jJ (Jjia-aJI (jjl ^)Jt"u ^^^Ja* (j'-" ■">■ It 4iLjaj ^<Ui.iU 

. 4a.UjJI a*lj3 U-lk. j ljaLJI jjlj ji^aVl jjllt 

: ^ullill jjjjj 4_iaj£J ^ j^aj (_^L Lua 

. tiLjjKjj-llgJI (jlxi^ (Jjla-a : nil (_3_ala aJI 

. -jj ij - all tlllj_aJj£ (J_ala a : ojjla-aJI (jjjj-i ^3 ijj^ aJI 

Yo : A^UJI 

: ( ^joilb ) <A,La-i nit (j<a sc. I Jsl\ 

























Y 






0,. . 


r 



: L-lL na II Aij^ia 

r Y o, • o + Y o,) • ... 



Y 

Y = a- 3 



> = 



(JcliiSI 4jjla-a j^s 



* p x ^ c i r x i c 



x »,»Vo = .,.yo x Yo 



o = 



Y x .,.Yo x Yo 



P ' Yo,.Vo ^P 

r ^jojjJ / ^l^aJb Ajc- t^)i*-« (HC1) (Jjia-a JJ^JJ 4-lLuia. IjJjl til 

: 

. I ^ ! \,Mo = H,ex .,.(> = 

: (A-n) Jli» 

j£ Jill H 2 S0 4 

: JaJ 

2NaOH + H 2 S0 4 ► Na 2 S0 4 + 2H 2 

M ^ X ^ C = X 'C : *£A*J| 

...Yo x YMj _ i r x Y o 



,.o = .,.Y<= x Y£,n. x Y 



Yo 



1£ 



: JaJl 

KOH + HC1 ► KC1 + H 2 



. r f uayJ / plja. 1,£ £ = 01 X . ,U = 

: (S .-1) Jll* 

: AjjLaJj ojLa ^gfl c.laiJI L-lLuia. 
^jJ.}jx<a]l tllljjJjS ojLa ^gk N&2C03 AjjuU QIJimI 

l^iJjLtA] ^J^L -O .ia.j3 »,\"l£A (jjj ojLaJI s^a r_>« ^jjc- <— AjjlaJiSI 

dlljjJj^J AjjlaJI Ajjou]| ( J i n's I . ^ • , ^ "W HC1 Jjia-a (j* ^joi 

': JaJl 

Na 2 C0 3 + 2HC1 ► 2NaCl + H 2 + C0 2 

, <A _ Y£,£o x OIY _ C x f _ 



: (jl Aijjj^ll (Jcliull <U.lbua ^ i aJj 

Na 2 C0 3 t> J>« ^ Ji^ HC1 t> J>a V 

Na2C03 (>a J>a (JJ J-lbu HC1 (j* J>a • , • • £ A 



.,..Y£ = } x ».»»* A = 



Y 

(<JJ^I Jj£]| J j^a. j) ^ » 1 = f j> fill tlllj jJJ^I J?Jb J J-<JI 



.,Yo£ £ 
.,Y1£A 



^a • , ) » jj£ JjJI (_£ j ^a Jjjalb Jill 1j i aSjj^jA (J jla-a (j« ^ajal Y ' " ISj ■ a) 
j-ijj-N \l Abb-a dLaJ . ^a • ,° • H2SO4 (J^aa (_3_ala a (jx r ^ajai ^ • 

. ^a • , ) » jj£ jjill j ^a jJ J dlbjJ j£ (J_e±a-a Aibiab (jjj jla-ajl (j»a £ubll 
. (JjbuJI ^abu] ^ j^UI ^ajJjjA^all Cljb^j jS (Jjla a a L-luta.1 

: JaJI 

; j^i^j ^ajjjaibjJI JJjojSjjJqA (Jjla a (jjJ (Jclijll <Lb-a 

2KOH + H2SO4 ► K2SO4 + 2H 2 

>,) x Yo 

J^a » , « « \ = = 4J jL a (j-a Y ^ KOH yc X>C 

• J>« * i * * = — " — = AJjIa-a {Ja V^ajoi ) • ^fl H2SO4 ja J^C 

1 • • • 

: a!ici (Jclioll <Lb-a fjA 
H2SO4 (j-a (Jj-a ^ (J-ibj KOH (j-a (Jj-a Y 
H2SO4 (j-a (Jj-a (Jjl*J KOH (j-a Jj-a • , • • Y 



Jjx . , . . H o = - X ^" Y ° = KOH H 2 S0 4 CjV j* Ato 

J >a .,..rVo = .,..Ho-.,..o = lukJI AjIuJI H 2 S0 4 ^ 

: H2SO4 j Na 2 C0 3 a* Jeial! <bl~ 

Na 2 C0 3 + H 2 S0 4 ► Na 2 S0 4 + H 2 + C0 2 

Na 2 C0 3 

. Na 2 C0 3 t> J>« . , . . rvo ^tj^j H 2 S0 4 t> J>« «,<<TYe 

' = CjV >J .He 

^ . . . 



c x o 

TT77" 



= .,..rvo 



r r » rv,o = 

: (u-n) Jli.) 

V * c ** 

. r ^uj ) • • c.Ltt]b ^ulill Jjla «Jt t aaa Jelsull elgjjl HC1 

V V 

. .,Y NaOH Jji^ (j-* ^jjoi \ , V ( JjIa^JI qa ^ui 1 til JJ jC 

. ^li. jl! Aiic ^jJjoJISJI diljjjjSJ AjjlaJI AjjouII ( u lit) 

: JaJ 

tSaj HC1 

CaC0 3 + 2HC1 ► CaCl 2 + H 2 + C0 2 

: 4Ll~J] Uaj HC1 NaOH Jel&j 
NaOH + HC1 ► NaCl + H 2 

iv 



fljfl^.** JbUj j»^a.jll £»« <Sc.lsu JxJ HC1 (j?-><r% JJ^JM Aij*-a (j^-aJ 

4i£Uj| (JjJaolLj NaOH J jla * 4^La jla-aJ 



f X V C i ;» X 



^ e x Yo . ,Y x 1o,V d 



1 " 1 

.on- ^ x ^- v ° 

Yo 

v. > x on 

^ I I I = ^la.^)ll (Jclidll J*J Ajailajt (jlaaa It CS)l ja 

. J • , • ^ Y 1 = 

• , • Y = — ! = ;»la.^)ll £-« (Jcliill (Jj3 o -lja.j^ll (j^aa II J-lc 

1 * * * 

* * \ Y £ 

J • , ♦ ♦ 1 Y = — — = i_yaASk It ^ AicUiaJI CaC03 tiiV >a .ue 

. glja.OY = U . x . , . . i y = ^^aaJI CaC0 3 
/A-VO = U . x — ^Ujll JLuc ^ CaC0 3 a!£ I. 

HC1 (j>»<ft^ J-a r ^uJ • , X lllAai g • , HC1 Jjia-a £y* Jjl jJjJaaal 

. Jill! ^sjUI 

****** V 

V c 

: LjjUa^l 

? jiil /(JjaIIj ojjla-aJI a^A ^ (_L»-Luia1I tllLljJjSJI J_ala a JJ^JP jA La j\ 
? CjLljJjSJI (Jj^ Ajjjla-a dLaJ (_^ill HC1 (j'<-iA-\ JJ^JM La 
dna. (j-a 4jlii<aljA jjl ,_^aljpaLl 4 itaaJ ^aJ (_$ill HC1 jn^'i JJ^JJ La 

? a ^ ^ Ajjjjll 4jjlaJI <luulLl jjSjillj AiljSJI 
(Jjla-aJI Llkj ' " Ua J ia.jj (jl ^ *.'*',' ' all HC1 (Ja-aa. (jx r ^uj 

1A 



: JaJl 

^^^W _ ^ ^ Jjk- ^ f] 



1 

^ X ^ C = X 'C : Jiki /cj 

Na 2 C0 3 + 2HC1 ► 2NaCl + C0 2 + H 2 : J&lisll 

^ f x ^ £,Ao Qf x Y . 

" Y = ^ 

Y x Q x Y . 

r '-° r ^ = u,ao = 

; ^j^a^sJl SLLut-aJ! Ljlii-al £&\ j ^j-a 4 SJSaJ ^ill ;j It j^JM 

^joj ^ « « « X AibSJI = j£j»o]| (jia^aa II (j»a ^JjS 

fa |j^UA. = ^...x^)A = 

^1 ja. £ £ A, £ = — x \ \ A ♦ ^^alSi j'^-^ It (j* jajj 

r ^jajjY clj-* ^ ^O A = 



£ £A,£ 



^ x ri.o 

: jli AiLjab uj^ « 1 "j"^"' .lie 

£ X - = Ljllall J^c. 

V V C 

to jl Lu 

1 . . . x f = H,YA x £o 
r nyYA x £o r 

(Jjia-aJI dllii-alj^ (jl j ^3 (jjoajilj]! l_fi!>ba.l ^cjHuU 

. 1 , 't- j bui ibla (Jal (j*jll ;j H (j* lSj^S Aajaj > " u njl jSj^II 

(j* LojJjJaaJ ^aJJ ^^jII (Jjlla-ai] AjojjlLaJI 4j»aAl i_fi!/ba.VI I^A jg hj 

11 



JjjiaJJ ^Jjl) i\ja\\ qa i"\\\y\\ "oAa\\ tlulS Ijj A \\ i <~i a.}La (jx j! aj^jA JjJla-a 

\ ^ x y f = 1 C X 1 f 
^ . . . x . ,o = ^ x . ,oVA 

ajoi ^ Y ^ , £ = — '- = / j u aa It ,'sa L_l alla^Jl »a a II 

: £-1) Jli» 

gjj H2SO4 Jjia-a qa jua 2« BaCl2 Cy Jjia-a AiLja) 

^ajajjj / (Jj^Jlj (_^a^aJI jjSjJ l_luia.l . ^»l^)a. * ,V * * L_lullj 

: JaJl 

BaCl 2 + H 2 S0 4 ► BaS0 4 + 2HC1 : <bl~> 

. A] ^^jjjaJI (jjjil (-yAuiljll di^JA JJC Aij«-aJ 

vrr,r = \ t + n + \ rv,r = BaS0 4 _s *j3j>j ysii 

(Jjx • , • • \ V = - — — = L_bojl jll tllV J-« JJC 

? x c _ 



HC1 

e .,YCa(0H) 2 
: JaJ 

: ALU^U Ua j j^clajj Ca(0H) 2 ^ HC1 ^ 

Ca(0H) 2 + 2HC1 ► CaCl 2 + 2H 2 

1 Ca(0H) 2 : 2 HC1 : U^A 2u-sll 

» \ X © « 

J>« ',') = — = HC1 CSi ^a Ate 

1 « « « 

j^a . , O = '' y x 0> = Ca(OH) 2 ctijA ^ 
) • • • 

(^ah jjj . Ca(0H) 2 J>* • , • • Jt ^U^j HC1 t> J>« » , » ^ 

. La&lS J jk-aJI jjSau. JUlbj . HC1 d^iJ L^U Ca(OH) 2 

• <_)>« •,••0 = .,..0 — • , ♦ ^ ♦ = AjLlaJI aJclaJ! tllV J-« J^c 
^ « « .- 

: (n-i) Jll* 

NaHC 2 04 . xH 2 ^.Ja^ ^> ^1 j*, V,V. . cjjjjl 

jiu \ J jk-aJI I j& (jx r ^joi Y i'i^L" . T ^ ul Y . J jk-aJ! JaSI j «.LaJI 

NaHC 2 4 + NaOH ► Na 2 C 2 4 + H 2 

J^a * , * * Y = = ajJ ij - all 1j i a£ JJ-l^A dlV^ 

1 * * * 



1 . 1 



? (Jj\^» a\\ ^ui Y * ^gk .la. jj ^gjJaAaJI ^lLoJI (_ja V j-« ^ 

\ O « X « , ♦ « \ o r 

Jj^> • , • Y o = 

. ^LJI t-ufj*- ^ (X) S 4 ajalt L-Luia,l 

V v . . =4^ -pji x . . Y o 

1 £A = r - v> ! = ^Ull «L1] ^>ji aj^ji 

n = U Y - UA = " JU\ ^Ul ^ *U! <t£ 

f-CSj*- Y = - - = (X) £tlaJ! f-cSj*- Cjljjja. JJC 



: 2LpVl ilil dsUill U£j . i.^U jtSi2 AJjVl ^1 (Y 

NH 4 OH HC1 /I 
NaOH HC1 o^a. 
NaOH CH3COOH fe 
Na 2 C0 3 HC1 

^joi / ^ i^Y AjsIjS £_Lu jSj^J! H2SO4 (Jjla-a ^a a La (V 

: ^JJ^I (JJla-oJI jJjJaaaJ (. tijj Z^A ajj^jjj 

• * 1 ^ * * (Jj^ *> (j-* j 1 -" 1 Y * * /I 

• j» » , « « (J jla-a ^joj * * ji—i 
. ^ * , Y * (J jla-a ^joj Y * 1^ 

^ ^1 ja. V,V«0 ^jJaJ Ca(OH)2 Jjla-a ^ ^ Y © ♦ /i 



^ . Y 



. ^LJI £y* al j*. 0,V • ^^Jc c5jlaJ Na2C03 Jjla** (>a ^"ajui V • • /<_! 

. (j-a al j^. H2SO4 Jjia-a {ja ajai Y • • 

a » , Y° HC1 Jjia a (jx r ^ajaj • • IgjaLja) ' . '7 J frLaJI (j-a r ^jaj a£ (° 

. a .,Y ajjSjM JJ^ul 
V • , • i .laJ j r jaj-uJ (jlj J jU Jt Ja^I j eUll ^ HC1 (> J>« » ,° 
<— lljjJ Jjia a (j-a r ^ja) Y , * LsLaJ dlLlc JjU Jl | ^ j^> ajai 

. aaj ' all 
. JcUjU 4^jUaj£ AJjU-a L_i&l /I 
. ^JJJ-i / (Jj-alb ajjjjj^all dlljjJjS Jj^ a JJ^JJ <— /<— 1 

(H 2 C 2 4 .2H 2 0) ^LaJI 4ilLu£jVl Cjli^ ^ qaSL- a*i jSil /i (V 

. a ♦ , \ s jj£jj ;J K tjj^ a jx ajai 

(j* j*" 1 

. . .,Y£ j^jill ^H 2 S0 4 

^jja^a j»a ajai 

(H3ASO4) j'-"^ £»a V ' J J 1^ It jji (Jclsu ' ° 1 <aJ aJIjII 4jjl*-aJI ^ 

: (4A-jVl) 

H 3 As0 4 + nOH- ► H (3 . n) As0 4 n - + nH 2 

^ • , ^ jj^jjll ajJ.iji*a]l 1 j 1 JJ-^A (j-a ajai Y ' " ' u ' 

o^a ^ (n) <<ua La . »« , • ° jj^jill ^ j ijLimjVl r ^ui Y ° 

JjjjKj ajjjjjk^all tllLijJjS ^^ic (_£j2a>J (j<a t-al^)^ Y,° ^-jl^j -iic. ^ • 

^joj Y * AiLjaL) LaLaJ (JjUrJJ aJI (jl ^LaJI ^ ajj i j ■ all 

ajJjjj^al! LllljjJjSJ <JjlaJI AjjoiiSI (_ lui^S . a ) jj^jjill HC1 

/J^a V . ^ j HC1 

LaJb 



II 

if 


3 n ^ H 2 H 2 " S S ?i ri ifl « w S h 


1! 




1 
t 








UJ 


f pllrlsltlllSfllilllilllll 


Atomic 
Weight 




< Z 
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c 

<ti 
E 

HI 

t: 


E £ 
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4! * 

3| 



1 



V) 



i 1 - 



i 



e 'IJ -a s 



55 e b ■= H 1 1 s 



Hi 



< z 



i 

E 



£dLdl J-oJI (V) 

(Organic chemistry) 



J c^Ull 

t jjiaaJlj t (JiJIj t Jj^ll j t jSjoJIj t -j^ ."II j t tlljjjll ' t^-lli! J^aJ! 

jl ^lii (Jj^al <_plj <_g^l jlj^JI (JS jl L_ljlaaJI J3j . I&jjc-j AjjS^\j 

Jll^aJI (jl iii.jJ LaS < 4 i j <JI ajljaJI fjJJ^ jmIju V t LS^^' 

jlj-a 1 3 ''J^ ■ ^J^j (Jj^^j L« Lilt A-jjljJaJI jl AjuUiSI 

. 4jjJa-ttJI jlj^JI AjSa] ^gjjiaj jC- <aJji^a ajiaj jlj»a]l a^A jjjiajj c.LaL«JI 

^luiSj ^1 (Berzelius) <_>« j^jjjj ^IjJI lc-> ^ A . T, ^ 

IgJ £jJaij ^^ill 4jjLl«jSJI (jjliljal! jl ^)JJC.|j < <jjjJaC JJC-J AjjjJaC ^1 
J3j . 4jjjJa»JI JJC- dlLSj^JI IgJ £jJai*J ^Jjl\ lillj jC ' allaJj <Jj i ^rt \l llll ;^J"^ 
tlllj jJaJI J dlljUill A^juijl ^ Jaia jjSxi 4jjjJaxll dlUSj^J! jl l^-u^. jlidC-VI jl£ 

. (Vital force) ^jj^I * j^-j ^ <JaL^ jj 

^ AY A (Friedrich Wohler) jk ja jiyj^ja cH 1 -^ 1 
jc td]jj ( JjJI Ajjiill cjUljjaJI a jjai (^Ul ) bjjJI j* j -"^"' t> 

. ^ajjjjxVI i-llliLlui (_£jjJaC jjlC- ^tlaJ tllljjL jji-uU (JJJ^a 

o 

nh 4 ocn — ► c 

/ \ 

NH 2 NH 2 

( _ s Jc J jj^aaJJ <a j!/UI AjjjaJI a jill a jia ^j^a^Jj jl lilljlJ jl& j3 ^Uaiujl 

tjj^a. VU-« tdi^J ^ia j 4 AjjjJmJI tljL£^aJI 
^^-ajojj jlS LaJ 4^,LaJI jj^j AjjjJaC- JJC- Jj^i (jo J CS^ J 1 fT» H Jlj-<JI 

. 4jj;laJI 3SJL1 



'"'1 ;^J"^ (_gic (Jjj-aaJJ <Laj>UI Ajjj^JI ojall ^J$ia (jl (j-a ^J^l tj^C- 
JJC L_i£ja bjjjll t_l£jx ^^Ic jIAjS Jj' XlA «"«■«■ j IAj j3 AjjjJaxJI 

' -rt i alt j-«j • ^» La IV'um (Jja Aj^j <a*Jl ^LloJ^JI £clLu^a<s (jl V] Jj' <aC 

»Uad jVI 

JJjojISI (J-ttJoU l_SJj*j]l I^A (jl VJ ' jjJjSJI t_jL£j« 4jjjJaxJI CjIjSjaJI jl 

jjc dibSj* jjj*j lSJ^' SAiO^ 1 " ^ CjI JjjLiuill j diljjjjSJIj jjjjSJl 

4ijja-aJI 4_ljjjj£JI t_jlj£j»a]| lilij jc Ljj-alji. ^ tjJj£ ' Igjl jl 4jjjJaC 

jl (J Jill jJJjb-ajSJI jx JJJ^JI (^-^ jVI (JjiLJI (j^ AlaJj . <jjjJa»JI dlbSj-aJb 

: AjjjJaaJI L_)Ij£ja]I 




jjJjlLajSJI (J£J ^JSlS ojjj-aJ t*jLa jjjJ l_SJj*j]l I^A ji j^ j^C-J^I t^C-J 

. V jjS jj&i Vj 

JJC- t_l£j* (JS (JjlLa LjjJaC tj£j* Y • Jlj^. jjJalaJI t_jajJI ^ t_ SJ*J 

c_j£i ja jjla (J^-aJ 4j jjJaaJI L_llj£ jaII f- <\ jji Jtilb, 

a^A jjJJ^ll J' aJxl jjfL IjUl : LlA jUiVI J-^Luj cS^I Jljxull j . 1 a jja-a 

ji J jSJI jL<u JI>JI 11a jc AjUOU j ? l_iL£jJI jjjSj t5 ic 4JUJI aj^all 

^glc aj-iLJI jjJj^JI dlljil jl jA (JJJJjll <— njuill jl ' tdJ^J ujlluil aJC lilLiA 
jjJjSJI tllljj jx (JuivLui jJj^J <jjb^al cJ«AJ Loa -WjJ (lyj^ 

(_£jaall .JjAaJI (JxaJ ^^jllj (Jjol/LuJI oAgJ j£-aJ . t IS a a !jJ Ailla-a (JljiaL 

: 4£. jala jjc- j ^JaJjoiJ jj^J jl 4_ljjJa*JI CLlllljaJl 

1 1 1 1 1 r 1 v 1 1 ' 1 

-c-c-c-c- c-c-c-c-c-c-c - 
I I I I I I I I I I I 

- c- 

I I I I I I I I I I I 
-c-c-c-c- c-c-c-c-c-c-c - 



I I I I I I I : 4Jik <_i£! Jj jjSi ji U^j j 

-c-c-c-c-c-c-c- 

I I 1/ \ I I 

c( 

/ \ c / \ 

/ \ 

ojj 4 ala II jl AluiluJt (jJj^J (jfl liljpjoU jl j£«aJ (Jj ' -luiai IjA 

o 

I II I I 
-c-c-o-c- 
I I 

jji 4 Aila. j) Aluilui J£jj cs Jc jjJj^JI tllljj j^ Laic *^ SjA Ujjj-aa lj) 
UJJJ^W JaJU JJ ji j£xJ jiikjjjjj j js> u£ jlj ji^jjauA (_$ ja>Vl J ^llx Jl 

4jjIa (_>saj3 ^1 (^JjJ La-a l&C- Jj3 jl Alia II jl ^luiluJI J jia C5 Jc £3j* ^ 
4iLJ| J AiuiiuJI o jjJI £3 j* (_&UaJ jV lilJj j t Ailik* (jJj^ 
JJC ^ bjLuij jlj t ja*l (jll <-_l£jx j^ (j-aljaJlj ^jjil t_a!>Hi.l (_£JjJ 

. <j>*aa]l Ija ^ jju Lua a! j^jjtTii j j^I IjAj < l^cjjj diljjJI 

(ja t"^»-N, ojjlj j^aljibJ jj rt"u 4jjj <3jul CLiIjSjaII jl ^cjJaljJI j-a 
: ^^Jj La (_>-aljiJI aJA (j/aj . f I j aj£ ll AjailjJ ^ *^ SJ i a a Ic-jS (JSjoU (jl (_£jjjjJa]l 
(j* ajlAlA \c t\ lilljA jl ^glu-aj < Alaluio tlllllji. oLa ^^Ic I g jlc.) J^.jJ 
. Lu ja. jl A ls'uiiift LgJba J j3 (J^-^ L«J3 JaJJjJ till jjJI 

t 4 J Jaiij x Ia jig >>Vil tllli. jjj jjUaoll Al^jai L-llLtll ^fl AjjjJaJtSI C_lb£j^JI 
. AjjUjI i_ijjlall Jjl ju, J dll jlc. Ifria ji&ll jji s*l]j£ 
djLuj-aJI ^3 t_l jjj Igj^J j frLaJI ^fl 4jj i ^it \l dlbSj^ll ^JaJt a L_l jjj V La _a-aC 

^Ijjoi ^jLj^£JI jL^I AjjjJaxll ' "'1 all (jL^a jj V Laj^C- ^£ 

. jj^los (JSjoi ^^Jc jl (Jjia-aJI 
^gja. Jclsoll j»LuV jIjaIujVI ^aJC j frJaJlj AjjjJaaJI tllbSjxJI (J-Dlcliij JXaJJ 

. AjojLa. Cll!>lc.lsu liSljA jj^J La Lllc. j t 

^ « A 



[ (Catalysts) SjtiaJI ] aocluvJ <JJ j*Jl> 4jj,™\I L^lclsull Jifcj (1 
J AaJaaJ <_illiJ! (JjSj ^jjJI Ajj i II jjic. dDlclaill <jj£*J tjjb 

. tjJj£ oJcLuiaJI (J^ljJtllj Jpbu V J Ajjl 

tlljli < jjJjSJI ojj AjtJfL ^^Ic c.jjJall <_>a*J ^^flli jl LiA (—lull \A\ qa 
JjJaJI ^fl AjjIjII ojj.ll! AajljJI Ac-j^a-all ^fl ( x^J jjjj^ll jj-aic (jl ^]*J 

(_gJc- (_£jJaJj jjjj^ll sjj jl 1 1 aJl ' ( AjC-j,aa a ^ j' <aic (Jjl ) (_SJJ-^ 

IS 2 2S 2 2P 2 : jaol! Uua Ac-jj* ljUjJ&SI Alu, 
o j Jail IgJ jl <_$i t i^cbj cL#J^ (J crl' J^A? J 

JSJi la : ^Jlll J>J jAill jSllu j£lj 

? AjjjJaaJI tllbSj^SI ^ jjJjSJI ojj UjjjSj ^JjW (J-JjVI A;LaAluull JajljjJI 

^ " f 

y c = c Ai££ j -c = c - a^ls j — C— a^ui t^x^ 

- r | | » r | " * • • 

ojj IgJS -laJJJM ^pll Ai j i fT» \l dbSj-oll < aVI ^^ic t_aj«jll j»j ^Sljll ^fl 

(_£jOaJ ^^ill AjjjJaaJI jjJj£JI tllbSj^ j-a 1 g tu dUjSj Ajjla.1 JajljjJ jjJj£JI 

. Ajj!Aj jl Ajjlii Jajl jj 

• *^yial\ W>1\ *^al\ ^i-N^ 

(jx ^^ia-iS! JJaJI jjJJ ^^ill 4 KJj all ^^A ^jjJaaJI L_lSj^JJ AjJjjaJI AkJj all 

!>lj-a3 t IgjjJ ' ■ h aill <_l£j^ll (-iSj^- jJj^J Aikl^ll jj^aliaJI tllljj 

Aa.ljll jaJI jl cs i»J t (C6H12O6) jj^jiaJ' ^Ajj^' 4» u^ill 

Miia ^ : Y : ^ ( xJLj i " ua Aj3 CLlljjjl jjj ( -luull ^cjJajJ LgJl LaS t jja 1 oSjl 

• iuyi»l\ Ci^j«a ^ 6 -^^ 

o^.lj fljJaa i_$jM> (JjJ (_£jjJa*J! (-jSjaII 4jjjjaJI 4 - j- all jJ;»J jl 
(_^l t c_i£j^J! ja. ^ CjljjJI 4-iJJjM <— ajJtij jl I laic, ^^sjj jj t Aij*j u^f" 1 
Aj^lc-lijj (_jSj^]| j^alji. AjjIjJ (JJjia jC- ojlc lillj ^aJJj . 'Ujlilil <J«jj^a 
^Jjljill AjlJj all jJJaJ ^_-3 AiSJ A-a^-a dlLajIx^ ^ LmJ AljA^. S - laluUj 4 alia all 

. 4jjjJaxJI dibSj-all 



J ljIjUIj (jjJjSJI ajj (jjj AiajljJI (jl tll3jc (jl (3f" 

jl ( — ) Its ; ajlc ^Jajl Jl a^A (J!LaJj 4_LaAluU 4-lajlj ( _ ? A 4jjjJa»JI LjbSj^II 

H H H H 

II - 

H : C : C : O: H J H- C- C-0 -H 

H H H H 

t_l£j^J] <L-aLaJI 4jjLu1I ■*> XJL> al\ Aljx^i £cjHuij (jl ^laluUj 

: jjJaaJI 

t UJfcU^ 1 iS^ 1 J^ 1 J ) JJ J <kU J^lj*]! £ jj 

• ( u^^jVlj ' jj^jjj^JI 

(jjLull JL\aJI j) l_l£j-a]l f-ijj^- J jx-aLutll jx j' <aic L-lljj JjC 

"^ jVI <>» aJaJj a jjj c jJa>jj.ll$JI jx JJ Ciui c jjJj^JI j^> jlj jj 
< (^bj jjJj^Il) L_i£jaJI ja. J «UaJ.j]l jj^LiaJI j»a jj-aic J£ jilSj (V 
. ( j3l£j]l JLu J^S (jJauuiS j£\ Lai (_£jL*J jJa. jjJOgJI 

. f.(j jaJI J jx-aLutll till jj l$J <jll A^LSJl ( £ 

A jj i afc dlLSjx — I gJJ a i JJ (j^ ^jJal j jA LaSj — AujjJjSjJj^JI dlUSj^II 
L_)L£j»a]l iajoijl j»a (_^Aj ' -laSS jja> j jJjgJI j jjJjSJI Jj' <aic j»a jj^j 
*^ jfl i ^luiSl IfrAluiSj Ljjlc. (j^ajiL (_gjlubaJ ajj£JI (_j-a IAjjCj 4j j h >i» \l 

. > Jc ^^ILVIj l^JjLul 

: AjjVI ^LaiSSfl Jj ' aJA j (AijliJi ) Aa. >iaJI JuiXJI Cjlj ljI£ja]I (\ 

. ( C n H 2n + 2 ) '( S-'^ ' ^ J 



1 1 . 



jj^jj >a j ' ( C n H 2n ) \ j»y<* j (Alkenes) CjL^S\ - 

. AiuiLJI ^ (jjJjSJI till jj (jjJ AjjIjj Jajl jj 

jx<aj j t (C n H 2n -2 ) j (Alkynes) dilbllll - 

: AjoujjJI ^LuiaVI ' «'^' Iajj^j o^a j 

( ^jaii. Ajij jJ j£ JJ-liA CjUS j-a /I 

.(C n H 2n ) Ai^l iiJi <^LJI ljUISJVI l^iEui t>j .diik sU 
j (Aromatic) 4juU jjt jl <j jjat Ajiiia. 4jj jj j j^ja uL£ja / l_i 

• U^JJ-^ t> ^ 
. aj£j -^j'j^ 't^J^W j»LuiiiVI a^J a1ia\ J i aalt lift ^fl J^J-^ <— Sj"j 



CM. jAh Ljaji t_aj«j US (Paraffins) jJI J i^UKftl 

^^J^J (CH4) (JIIiaJI jA £f»iva ^jJjSjjJjA t_j£ ja Jaxujl jj 
jl^V 1 ' (CH4) jM 1 L^J Jj^ ^UlSBU AjjUJI £1^1 (^-V) ^J 

• (C 3 H 8 ) jbjjJ j (C 2 H 6 ) 



^ 1 1 



H H H H H H 

III II I 

H — C — C — C— H i H — C — C — H . H-C-H 

III II I 

H H H H H H 



: (W) Jj^JI 
. ^JjVl S>UI ljU1£JVI 





AiunW 






CH 4 


CH 4 




CH3CH3 


C2H 6 




CH3 CH2CH3 


C3H8 




CH3CH2CH2CH3 


C4H10 


(jljjjijl 


CH3 CH2CH2CH2CH3 


C5H12 




CH3CH2CH2CH2CH2CH3 


C 6 H 14 




CH3 CH2CH2CH2CH2CH2CH3 


C7H16 




CH3 CH2CH2CH2CH2CH2CH2CH3 


CsHis 




CH3CH2CH2CH2CH2CH2CH2CH2CH3 


C9H20 




CH3CH2CH2CH2CH2CH2CH2CH2CH2CH3 


C10H22 





: La) ojlc fljj ala all AjjLuJI Ajuj^aJI l_uSj 

CH 3 (CH 2 )2CH3 J CH 3 CH2CH 2 CH 3 J CH 3 - CH 2 - CH 2 -CH 3 

CH 3 (CH 2 ) 8 CH 3 ' 



(jjj La A3^kc lilLlfc (jl JjVI ojjautSI tllljlSJ!AJ 4jjjjaJI alt j»a ^clUuij 

: ja^ll Je. J^J ^311 j ljUI^U 2LaUJI 



C n H 



2n+2 



ACjsIa aIiAm i ^jojVI tillij J^A? LaSj t AiuiLaJI ^ jsHa jlSJVI ^ jaJ] 

1 ' 1 1 1 ' 1 

JjLlLa A — tjn) aJ — C — C — C — C — C — (jL^iJ! _>?■ <^ 4_ljLMI jjJj^JI 

^aulI 3 LiluJt ^ jiila jl£JI j^. CJ ic J jj^xaJI 3JLaJI a^A ^ 1 aJ CH3 _ 

H H H H H 

I I I I I 
H-C-C-C-C-C- H 



H 



H H H 



H-C-H 
H 

V) ^»3j (Jj.la. J^ajl) ( j^?) CL?0^ <-llljj (_>u-a^ L$J AiuiiuJ 4jjlj]| jjjjSJl 

• oAa.lj jja.jj.l}A 



(t-v) JjJ* 





(C„H 2n+1 )^I^L 




JAj all 


-CH 3 
- CH 2 CH 3 
CH2CH2CH3 
— CH2CH2CH2CH3 
/CH 3 

-CH 

X CH 3 






/CH 3 
- CH 2 - C - H 
X CH 3 





-all ^g.<li.iU 

. ( Jj — lgjl£-a £jJajJj — (jl — t_i.laJj ) . I jl£-a frLj) £jJa jj 

■ L*J* 

: jL U 4jjUu1I 4; j, nil L_uSI 

C 2 H 5 ( M ) CH 3 (\) 

I I 
CH 3 - CH2-CH-CH 2 -CH 2 -CH 3 CH 3 - C-CH 3 

I 

H 

(The cycloalkanes) "SjttaA cAliSiN 



C„H 



2n 



JjVl *jSLJ! djUl£J^U 



4? ua3l 




H 2 
C 



H,C- 



•CH, 



CsH 6 



H,C 



H,C 



CH 2 



C4H8 




H 2 

H 2 C CH 2 



H 2 C 



CH 2 



^1 uLu^l 



H 2 

H 2 C CH 2 



H 2 C CH 2 
H 2 



6"12 



CH 4 (g) + 20 2 (g) ► C0 2 (g) + 2H 2 (g) + Sjl ja. 



(j_»Jj£]| JjjoiSjl (Jjl ^cJJJ vj-'t" ' "^jV^ L>* o^j^-a ^J^J ^-^-^ 

: ojljaJI Jil ^J**^ '"".'''"'J (jjJjSJI JjjoiSjl f^Li (j-a 



CH4 (o\ + -^-O? ► CO („\ + 2H?0 



4 (g) t- -w 2 ( g) ► ( g) -r /n 2 u (g) + 6 j 

ojlja. lllU.j.1 lie Lai JjKll jlc. (jliuJI J^-^ • CjlllStyl 

.CCI4 j CHCI3 . CH 2 C1 2 1 CH 3 C1 ojj^ Jj^j ^ J 

CH 4 + Cl 2 ► CH3CI + HC1 

CH3CI + Cl 2 ► CH 2 C1 2 + HC1 

CH2CI2 + Cl 2 ► CHC1 3 + HC1 

CHCI3 + Cl 2 ► CCI4 + HC1 



: (The alkenes) dLLZJyi 



C n H 



2n 



jUjVI ocljal taaj ^ga^iail ^uiVI ) ethene _ oA?yi diluSJVI .kuj 
^Vl) uAfeVI IjJ ^jllj ( IUPAC ) Ajjukdlj fcaJI »ijo^» ^U! 

c =c 













CH 2 = 


CH 2 


C 2 H 4 






CH 2 = CH- 


CH 3 


C 3 H 6 






CH 2 = CH-CH 2 - 


CH 3 


C4H8 






CH 3 - CH = CH - 


CH 3 




^ - oA^ 1 


CH 2 


= CH-CH 2 -CH 2 - 


CH 3 


CsH 10 




CH 3 


-CH = CH-CH 2 - 


CH 3 





jt.i-^I jl uuJI ^3^)11 (jj^J '" V*^ . UJO^' till j j ^J3jJ ^JJ . 4_L>tn]! 

. (_j£<U La 

. £ - QpjJ ^ - jiiiJ! CH 3 - CH 2 - CH 2 - CH = CH 2 : jil 



CH 3 -C = CH-CH 3 / M 
CH 2 -CH 3 



: (j* il£ Juoj : (jjj^u 

CH 3 -CH-CH = CH 2 /I 
I 

CH 3 

: JaJl 



C n H 



2n-2 



<IUPAC) : —SI JcljSl Uaj ^ra^" ^Vl) oAjV 1 j* W 

H-C = C - H . ( ^Vl) u^VI IjJ ^-uj 



1 w 













HC = 


CH 


C 2 H 2 






HC = C - 


CH 3 


C 3 H 4 






HC= C -CH 2 - 


CH 3 


C4H6 






CH 3 - C = C - 


CH 3 








HC = C - CH 2 - CH 2 - 


CH 3 


C 5 H 8 


Y - ji^ll 




CH 3 -C = C-CH 2 - 


CH 3 





: tllliia. jJlgJI £-a ^ ) 

Br 2 + CH 3 -CH = CH 2 ► CH 3 -CH-CH 2 



u^jjj Br Br 

AJajl jJI Jj ' LjJal ^ jjJI jj Jlajj AiL^aj Jclij JcUjII I 

: ljUjISJVI Jj L^aJ jia.jj^l ljIaJU LjUaj 

HC1 + CH 2 = CH-CH 3 ► CH 3 -CH-CH 3 

C&jjt CI 

(Markovinkov) <-j j£ S-ie-lS cs -<ujj ojcti Jclsull 11a 

J) ujjj^ 1 s j^ 1 Jj Jc.l£ll J u^jj-^ 1 d J^ cs^ 1 

J Ajji IjJ . jja. JjJJfrll till jj (j* JjSi JJlaJ iL^ji aU^jJI (AjjljuJI AJajl Jl 



. (.iciuw* (Jxlc) jlia. -ij^j AJlaJI a^A ^gk Ajl (j-a 

• C&)jj}yj J) ~ ^ uj^? Cj^jj^ 1 Cy J>* cs4 (HBr) J>« AiLja) oic 

HC=C-CH 3 + HBr ► CH 2 = C-CH 3 

okjj* Br 

jjjjjj^j jj - Y 

• uWj^H cs^-^ — Y t Y ^cjjj (HBr) (j* (jlj 4il»Jal ^jc j 

Br 

I 

CH 2 = C-CH 3 + HBr ► CH 3 - C - CH 3 

I I 
Br Br 

U^JJO^JJJ ~^ CkjjtjAjjt ls^& - Y c Y 

H-C=C-H + Br 2 ► H-C = C-H 

I I 
Br Br 

uAj'jhjjj tP^i - til 
: JjSa.VI (r) 

. ' 0J a! jUI ott^jSM V s t> CO J C0 2 j H 2 uj^ 

. (jj^iill l^iaxuJl t 4jjjJjSjjJU^J! 



: (Benzene) C#j^ 

H H 

I I 

H x / C % /H H v /H 

x c c x c c 

II I < — ► I II 

c c c c 

H X X C ' Xh H / ^ C / X H 

I I 
H H 



jaall ^^Jc (jj^iilJ ^Jjliill AjUx-all jLwaili.1 (jS^U 




(Jj till jLluiU ^jSj (J-^tiuU ^Jjl) o^IaSI (JjuJ lift Qflill (jj^iill : ZJa la 



CH 3 




CH 3 CH 3 : CjLS^ 

CH 3 







CH 3 

jj jiJI JAw ^lA -Til jj jjjll JAw ^lA - til 

CH 3 






CH 3 




\1\ 



p + ^ - ► (O 



+ HBr 



: (Functional groups) ^AjSaj^ Ca\& jy^\\ ^\ -N -N^ 

AjjjjjSjjJjA lllUSja 4_}jjJa*JI lIiUSjaII qa JJ^tSI dllljja. jljjol (j£-*J 

t AjjjJjSjjJj^JI LLllaLauJlj (JIAiIujVI 4\\aG -IxJ 4^jUll lllljjjaJI ^g-^'.'U . till J j 
dllc j^a-alll (jjli.jj.lJgJ! (Ja-a dlla jJI ^JJ^ll tlllc j^a-aJI jl dlljill ^^ajoUj 

. 4_lilla all >a \]| tit-La.! 9 4_lilla all 

(CH3 — CH3) jljjV' ^cSj^ J u^jj- 2 ^ ^J- 11 Jl-^"' l^ji 

^j^l ^jJI jAj . (CH3-CH2OH) gSUll UJ^J ( " OH) A^j^u 

AjSJJajll ojxjll ^g. <i i.i U ( - OH) ^CjAi-aJli . 4 1S1 l-i jJl tlllc- j-a^-ttJlj 1 (pjrti iU die 

jU Jtilbj < Jj^lS 

c^u t (ROH) : JV! Jc c^j^l a^I) a,u^\\ aJU Jolh 

. jja^ii ^> j ( o^fvi ) j j^jS jj^Ji t^aii" (R) 
m 











ROH 


-OH 


* ill 


KUK 


- u - 




RCHO 




II 

-C-H 




RCOR' 




-c- 


t (jrV^J^ O^a. 


RCOOH 


o 

II 

-C-OH 


t ' * jM 


RCOOR ' 


O 

II 

-c-o- 




RNH 2 


H 
-N-H 



. jjilii* (R) jllill jjSj J jL<u c^bS jJI s 1a * 

<^ u^-jj-^ * J- 1 <-l^» (- OH) Ax-^as^ J^j Jja^JI (.^ j^. ^ 

pUajSU y-oJUl jUjVI Jc-I jal taaj ljV jp<» 4*ilaJI b) 

. J JZ$\ (CH 3 CH 2 OH) j . J jStuJI ^u-u (CH3OH) 

<iuiiui]| ^fl (- OH) ^C- <n £jJaj»a Jj^aa] ojjjjJa tiLla.1 lilliA (jj^J 

t ^ - Jjtoja (CH 3 CH 2 CH 2 CH 2 OH) Jj^ll 5^ * 2U jjjSII 
. \ - Jjjtijjj ^uou (CH 3 CH 2 CHOHCH 3 ) J j^l! j 

(j4^J e^*^ ^^JJ (^ _ V) J <-)j-^j 







lis j Jja^l ^1 
(IUPAC) ^Ij&J 


CH30H 

CH 3 CH 2 OH 
CH 3 CH 2 CH 2 OH 
CH3CHOHCH3 
CH 3 CH 2 CH 2 CH 2 OH 
CH 3 CHOHCH 2 CH 3 
CH 3 CH 2 CH 2 CH 2 CH 2 OH 


cs lijjjj Jj^£ 


^ - JjjWjjj 

Y - JjjWjjj 
) - Jjjtijjj 

Y — JjjUjjj 
^ — (Jjjliij 



ojij AJLaJI sift ^ (jjJj^JI ojj ^.fti.iu . (j^jjJjA <_pj-^ <_g-Sc- JaJJjp 

O 

R-CH 2 -OH » R-C-H + H 2 



.(CH 3 CHOHCH 3 ) V- J >>bjjiil Jll«j 'u^jS ^> ^Li^ jjjjSl! 

OH O 
R — CH — R ' ► R-C-R' + H 2 



(jjJjSJI ojij (jjJJ^ *J-^ 4-laJJjA ( - OH) kc-jA-\ A (jj^J La-Iic 

CH 3 

CH 3 - C- OH 
I 

CH 3 

: Jj^lVl CjIjJU ^ jj^JI ljIjJU £-a CjV ja^JI JcliSi 
CH 3 - OH + HBr ► CH 3 - Br + H 2 

: 1I1V j*£1\ (j* *Lall c1l>Ic.Isu (V 

^jj tilijj^jSJI -^j^j <^j ^ JJ 1 A*iuj^ ojl^i. tliLi.jj Xic 

: JJlajl j^VI oJjSil Jj^l 

CH 3 CH 2 OH H 2SQ 4 CH 2 = CH 2 + H 2 

C.LaJI ^Ijijl ^JJ tjji oj ■ j a ojlja. -lie (Jc-liuJI *ljaJ LaAic 

CH 3 CH 2 OH + HOrH 2 rH 3 H2SO4 ^ CH 3 CH 2 -0-CH 2 CH 3 + H 2 



: (Ethers) CAJ^N ^i-N -N^ 

(ROR') £ jill <j* <*lc <ijj-a I4J LjL£ ja till JLVI 

: jiiLUla (R) j (R) Jj^I Utj^ 

4ja j]l »lLaAl] ^^aJUJI jlsuVI Jfrl jal Ua j Aja^ la till JJ4^U ,jju3 

4jaJJj-aJI jAj^J! llllc. ja2wa1I ll lalu ajlc ^aulI lgi£Jj 4 Ajknlaollj 

LaA (Jj^JVl tj&jAa a (jj£j La-lit ^A!La3 < " jjjj " 4-aK AiLjal ^a (jja 1 aSjVl J 

• CH 3 — O — CH 3 : ^JA^a Jijl l_iS jJI ^^auu JAia 

• ^ J^V *^"l 

( A_v ) j Jj^ 1 j 







JAjVI ^Ijj Jul 


CH3OCH3 

CH 3 CH 2 OCH 2 CH 3 
CH 3 CH 2 OCH 3 
CH 3 CH 2 CH 2 OCH 3 



C0 2 4ij£u« frljgJ! ^ JjjJlaJ l^-i^J i <Ulj«i JJC- ' " ^ .'^J * tllljpj'yi 

• H 2 j 



; JjA^II ^g.ft.i.iu V jaJLa 



R-CH 2 OH 



P 



-> R-C-H + H 2 



" o 

,j js^\ <pJjS\ qaj kpJd ^jjjSjj^ja Aiaii ^ (Carbonyl) 

o 

II 

. J^nA\ ^uyj H-C- H 



^juil Jj 4iLjao " (Jl — " 4ia^/UI ( *jJajJ Aja^la dlljjA^JVI ^g-^i.'U 

Jt Ifr*^ CSjA^ <-> J^ 1 *L*J CjIjjA^V! J VJ ' jl^Vl 

AjjUJI g-U«all j frUuiVl JJ pflj JjJaJI . " JJAJ - " 4la.!>UI 

. ljIj^JVI 

JjVI II 



fbdl fwtfl 








(JliljAa 


HCHO 




J%l 


CH3CHO 






CH 3 CH 2 CHO 






CH 3 CH 2 CH 2 CHO 






CH 3 CH 2 CH 2 CH 2 CHO 



: cjlJJb^fl (i 

CH3-C-H KMnQ 4 „ R-C-OH 

yjjj 1 g lu jn^'ili till AjA aJV I a li.iiSl aJj^joi 4j>^La> ^1-laJiui! 



^ YV 



P Ni 
H-C-H + H 2 — ► CH3OH 

CH 3 - C- H ► CH 3 CH 2 OH 



OH O 



R- CH - R 



R-C-R 



CjU jLSlI cs ^uu Ajinkillj ^aJI r JjJ jUj^I Jftl jSl Uaj 







Y — jjjjliij 

V — (jjjljjj 


CH3COCH3 

CH 3 CH 2 COCH 3 
CH 3 CH 2 CH 2 COCH 3 
CH 3 CH 2 COCH 2 CH 3 



\ Y A 



. (JJJ.11& jjliulll LjUSj^i (JJLi.jjJLlgJI JLuLboi £A tlllijOiSJI LmJ 

CH3-C-CH3 + HCN ► CH3-C-CH3 

CN 

^ Ni 
CH 3 - C- CH 3 + H 2 — — ► CH3CHOHCH3 

9 °V 

CH 3 -C- CH 3 + HC1 ► -GH 3 — C CH 3 

CI 



R- C-H a ^ R-C-OH 



<&_^aa * ^g.<^i.iU ^f-j^ * cs^" ^-'V' ' "^J.\J^ ^j'-'J"'^ ^ L$ j" 1 ^"' 

C„H 2n 2 l*i f UI ojilSMj 




tSUi jL_ ^1 Jj (- oic) " 4jj - " *S*3UI 4_aL^b tilljj 

(CH3COOH) !^ . " 







(f*1iU1l) .iLjj&VI 


HCOOH 
CH 3 COOH 
CH 3 CH 2 COOH 
CH 3 CH 2 CH 2 COOH 
CH 3 CH 2 CH 2 CH 2 COOH 



La£ t (j^Vl J-ajJl) L^ajll jil c>a*J <— lUJ jjSJ (tikajjill) 

(j^^*^ CS^" c^J^ <^"^*l£ c^ 3 ^- '4? :i ^' cH 3 -* 2 ' 

^'■"^j.'J^ j'^"^^ AJ oj^-a-ail (Jai.ii^jJjSJI <C,j^ t\ LaA i (jijjajiaj 

OH O 



CH 3 - C-C-OH 
H 



(_£ba 4jjJb«»a]| ,_yiaj^aJlj dujjij La Ijj 4i;lajJa Ljaj»aa. J«J Igil (j<a 

ojj J) tllUS jaII sjgJ Au ^aaJt ^j^aljiJI .(HC1 , H2SO4) 

rr II 

CH3-C-OH + NaOH ► CH 3 - C- ONa + H 2 

2CH 3 -C - OH + Na 2 C0 3 ► 2CH 3 COONa + H 2 + C0 2 j 

H -C - OH + NaHC0 3 ► HCOONa + H 2 + C0 2 | 

liLjjliiLaJI jh^^ ajJ ij- alt Clll ^jlill-a 

( tiL aj_ai]t ,J u " ^ ) ( *J-' ''J' cllLajjS^ 

AluiluJt ^3 t_iijjjll ^3 (jja.jjJj^JI (_3fuii "Uajoull tlil^iall £»a (Jcliuj ^ 

2CH 3 -C- OH + Mg ► (CH 3 -C-0) 2 Mg + H 2 | 



: ljVj^I ^ W^IS 

Cj!lclsu ^ lilajJ jl Jjjo£ jJJ^ll o J^j ^ (C — O) 4jaj| jll ^jLaJ 

: (Esterfication) c^i jail! ^ " sji^Vt " c^UL j*j 
O O 

11 I k H + 11 

CH 3 CH 2 -C ^OH + HP CH 2 CH 3 CH 3 CH 2 -C-OCH 2 CH 3 

+ H 2 

. jlujj (Jclioll lift ^ (_£jiJa»J! £ulill ^g.Ai.iU 

o o " 



CH 3 -C j-OH + tj OCH 3 H+ ^ CH-C-OCH 3 + H 2 



O * (Esters) a\>4\ ^K-M-^ 

l«Je Jj.^B ^j t ( R— C O R' ) 4*1*11 ^Lu^ll CjI jIu^ 

.kuij ^ Jjai ^ < J _Llu£jJj£ <_>aAa. Jcliuj AiLluill o jaall ^ £tjJaj! Li 



(CHj-dl-O-CHzCHzCHg) >«VI 
cLujjJ! (cj^Lk) ljUIIj) 

( j^aaj ^jU-oj c.buJ 



. CjIjMjoiVI <_>*axJ (j-JJ^J C-\-*-d '• (^ Y — V) (JjJaJI 













HCOOCH3 
CH3COOCH3 
CH3COOCH2CH3 

CH 3 CH 2 COOCH 3 



ajj-a-aJI AjjiaaJI £tj|j^)]| (_£ j*jj t ^3 tllljfluiVI Jjaui 



(^r-v) jj^ 



<LiLll 

•* * 




4aJI Jl 


CH 3 COO(CH 2 )4CH3 






CH 3 COO(CH 2 ) 7 CH 3 






CH 3 CH 2 CH 2 COOCH 2 CH 3 






CH 3 CH 2 CH 2 COOCH 3 




C IA!I 



•. (Isomerism) IoI U jIV} yj\ ^N-N^ 

1 4jjjjaJI A xAi all (jjflj LagJ jpSl jl (jjj£j-a -i_J^-J sjAlia l_fij*J 

jLa . (JSjouII liUa.! ^^-ojojJj t L-lSLodJI jl <J^ajjjVb 4A^I A*Jx<aJI ^ (jliAkj 

^^C-Jj AALnll ^li alt ' flAaJj <JjjjaJI A tLAt all liljluu ^^jJI dlUSj-<JI £>j& 

4jLiu C5 i*j jj <aK (j* tuilAal (Isomer) J£j£la J ajLA* ^uib l^La J£ 



. (C 2 H 6 0) Unj^\ AJ^1\ 



H H 


H H 


1 1 

H-C-C-O-H 
1 | 


1 1 
< H-C-O-C-H 


H H 


1 1 
H H 




JA^ 1 <^ Jy) 



(Y-V) JfLi 

^gi IgJt-Laa liljfluU tllbSj^ 4j^ljJ ^JJ^J ' _ 'J^l j"' (V - V) f&J (JSjuJI (jJJJj 

¥ jJI s jA *UJ U . (C 3 H 8 0) ^LujjaJI Ai^Jt 



H 


H 


H 


OH 


H 


H 

1 


H 


H-i- 


1 

C- 


1 

O-C-H i 


1 

CH3-C-CH3 


1 

i H-C- 


C- 
1 


1 

C-OH 


1 

H 


1 

H 


1 

H 


1 

H 


1 

H 


H 


1 

H 



(r-v) jlsii 



: (Chain Isomerism) <LuLJI u£Lu ( ^ 

diljj J^c jjiaj ^gi tiljLiu ^gjll ljUI^WI (_gi « .'^ <ult ^> p jill I^A <— fij*J 

. 1 g ' ^rt AJ (jjJj^JI till j j JaLujI 4ijjia ^gi ' aliaJ Igjl VJ ' (JJ^JJ^JI j (jjJj^JI 
4jjjjiJI AJlA^I ^gJ) Jj^aJ ^gla. Ljljt£WI <_gi ^giuUI (. ■ \<,\ a*\\\ SjALL V 

: LaA j ljalja a JCi±n A jli^ oW d'Iq! jjSj (ilia. (C4H10) 

m 



CH3 — CH — CH3 j CH3 CH2 — CH2 — CH3 
I 

CH 3 

u^jj^ 1 Jd^* ( Y ) iPj^ 0) 

: j (C5H12) AjUj^alJ AjjUj CIl/Ij lillLiA (jl La£ 

CH 3 - CH- CH 2 -CH 3 . CH 3 - CH 2 - CH 2 -CH 2 - CH 3 
I 

CH 3 

CH 3 
I 

CH 3 -C -CH 3 
CH 3 

(r) 

. CjIKUU 

. ^U^KJI ULLiu ^ tilliS, jUkJIj Jg..v<VI ^jj^ 

: (Positional Isomerism) ^xJajA ljSL & 1\ (Y 

_Jc Ajjja «JI AjjjJaxll CjUSj-oSI AJLi. ' . iSI alll ^j- lift 

Ls4 LS-^Jd *S^JO^' 4-luiluJL) ojxjll JaLujI £jJajx ' alla-j Aaa t Ajajlaj 

Ajc ^cJUJ Lax 0.1a.! 4_lJjjaJI A xAi all 4 j£ a «JI <LjLu3I ^li all (jx JAC j _ogJa 

^3 Igjjljul (j«a ^C-^)ll ^gic AjjUaKIIj AjjbjjaJI Ux-alji. ^gk ' aLaJj 1 " ll K j a 



: (C 3 H 8 0) ^>JI ^Lu-ll /\ 

CH 3 - CH - CH 3 . CH 3 - CH 2 - CH 2 OH 
I 

OH 

: (C 3 H 7 Br) 4^1 /Y 

CH 3 -CH -CH 3 . CH 3 - CH 2 - CH 2 Br 
I 

Br 

(jl (j£««J Ajjjj^. lillLiA (jj^J La-lic L_l£L<u]l {ja ^jiSI li& '* Ala J 

: (C 2 H 6 0) 4^>JI ^-Jl / \ 
CH 3 - - CH 3 « CH 3 - CH 2 OH 

: (C 3 H 6 0) 2u3j>JI 4J^I /<_! 

CH 3 -C-CH 3 < CH 3 -CH2-CHO 

(-C- ui^ ">>0) ( -CHO jjaJ Sj-J) 

: (C 3 H 6 2 ) ^>JI Aj^I / e 

CH 3 -C-0-CH 3 . CH 3 -CH 2 COOH 

o 

(- C- O- jU ' 0>a j) ( - COOH ^> Sj-j) 

. till jPjojVI LiiJaj L_l£LcJJ 4jjjJa*JI ,_viaLa^.VI (V 

m 



Ci^alN X&U^ 



: (uo"M) 

CH 2 -CH- CH 2 
I I I 
OH OH OH 

O 

CH 3 (CH 2 )i^C-OH 4}j^VI J^Li t> yjSiJI jWtfl!^ 

Cllljlilujl cs j!Aj cs -<ujJ JjjjouiaJI ( C17H35COOH AjjjjaJI 41iijj^a) 

: jjj^LJI 

O 

CH 3 (CH 2 ) 16 -C-0-CH 2 
O 

CH 3 (CH 2 ) 16 -C-0- CH 
O I 

CH 3 (CH 2 ) 16 -C-0-CH 2 

Clljj ?rl^in^ Lai t J^J^ J> ' . alt j&.ilS (fat) ui ^Ujj an 



dijj^Jlj ^jajaill ( _ s -ojou . A-pLrJI ojl^pJ! Aic aJjLuJI (jjA^il - ^'"'j 9 (oil) 

jLul U jJj^a AjxJjUI bjjoulaJ fJa* a j . (glycerides) CjI Jj jjouLJI ojlc 

( C = C ) jjJJ^ll dlljj (j;U AjjLli Jajljj j^> JJlC ^^Jc (_£jiiJ 4jjjJj£JI 
(jS^J . La^jai jiixJ (jA^JI (jji tx-baba Ifr^jjjKi jj£j La^JC Lai . tjjj (jA^ll jii*J 
^jj ( - ija ((jjli.jj.llgJ! AiLjaj) A^j-lgJI 4 Sal 1 u jj ^jajai ^Jjliill tlljjjJI (Jjj^J 
. 4jtl»l»a AjjjjjS iajl jj 4jtl»LttJI JJC- AjjjjjSJI iajl jjJI ^Ja» a (J^J^ 



. b jjL^> gjUll ujSjj (Saponification) 

O 

CH 3 (CH 2 ) 16 - C- O- CH 2 
O 

II 

CH 3 (CH 2 )i6-C-0- CH + 3NaOH 

O 

CH 3 (CH 2 ) 16 - C- O- CH 2 

HO- CH 2 

I 

3CH 3 (CH 2 ) 16 - COONa + HO-CH 

((jjjL^a) j>jJ^jj^a]l Oljlilujl HO CH 2 

(J J J > ajla 

•. KsM^S Aaviai\ Ci\jAA&A\ IN 

(Polymer) ><ul jJI j (.ipc J J .n*!* ^pau (Poly) ^ jj 

jil 1 g » jj -Wjjm (Monomer) lg-ia ^.1 jJI LS ^±i AJjLaiaJI ojj* ■ all 

. 4 tii <-\A\ 4jjjJa»J! dj! j^uljil] AlLal jjitj A f^f^ J^ jl jaJI • 4oa&LoU Jaj! j^)J 

; SjaLII ()-) <-V) 
(jltjj lilLiAj . oj^iiSI ^g.<n.iu j^uJjJI diljjS^ l^ja wTi ^^jJI <j1a*JI 

: MiLiaVI » (i 

■laJjj ' " IJa t AiLjaVI aj-<^J ^g-^uU Jcliiij till j^uljill <_Ka*J ^li aJ ^JJ 
<-*K"i, „M \\\ (JjjSj . j^uJjJI 4jj£»a I i ^-it j i al\ (tlil.la.jll) tllljjjaJI 

: AiLjaVI sj^ljJ i&a ^)JJ«J (j^Hjj <— fijj*-aJl 



H H 

I I 
„ f-C 

H H 



r 



H H 

I I 

^ H H 



J 



n 



' * 'J-*- < UjjJaxJ ( — CH2 — CH2 ) ll "ia- J (j-a -i^C JajG JJ d 



lla. 



f.la. ^ Jlc gyJJJ> jjj £^ UJ& 

La-lic lilljj A aa 1 a tllljjja. jJj^J jl ^aJJ ojaLII (j* ^ jjll lift ^ 

c^ja. t jijj*j Ufria J£ J*aJ jjalia^ jJj£j* (> jJJjja. (> J^»ajj 

^ ij-aJ! \ rtg 1 km j j jjjjjaJI Jalijjl lilJj ^ a J-U c.LaJI JlLa j M 1 ^1 

ijjj i_sijl£iJI oj-ttL (j-a jJjSlI (jj^JJ ^/HLo3 . jj- 1 all jaJ! <la (Jx-oijl 

J>\£ j^aJI j (J jSJbJ!) (HOCH 2 CH 2 OH) ^1 J ja£ll 

. (H _ Y^H) ^liill Jja^iS >jll jfLu . (C 6 H 4 (COOH) 2 ) 

tdlij (HO X OH) 4iun\h jJjUl ^tu j^aiS > jJI jl<Uj 

: (JcliulS T ■ 



-Y-H + HO-X--OH + H--Y--H + HO-X--OH +H-. . . 



-Y- X -Y- X + n H 2 

O 



HO-CH 2 CH 2 -0 |H + HO] -C-<Q>- C-OH ► 

o 

HO- CH2CH2- O- C-^Q/V C- OH + H 2 

. (Polyester) 











V ^ n 2 ^112 J n 






(- ch - p*-)„ 


CH 2 = CH 
1 




CH 3 


CH 3 










CH 2 = CjH 


(PVC) 




CI 









•. *AjjuA iu^aal\ qaxi ^ N-V^ 

: OrfJ^Vl (i) 

C0 2 H 

O- C-CH 3 

CH 3 : OjjIjj j>j (cj) 

N0 2x ^\ /N0 2 



(TNT) jjjljj jjli 




N0 2 




: 4Ja jzIa 

SjU /Y 

: A Ori-lii (^) 



OH 



4 1^ ^-^. \ /\ 



0"V) 

: 2Lltsll CjL£ j*U <jjLb T;un ( \ 
. (jtiiJI JAj-« <^c-Wj — £ ' £ ' Y c Y /l 
. (jlliJI cJjaj-o ^Ijj — Y c Y — <Jjjj) — V 
(jLoiS^JI (JAi* cs^^ — V t Y — (Jjjj) — £ 



6^ 



CH 3 (CH 2 ) 4 CH = CH 2 f\ 
CH 3 CH = CH(CH 2 ) 3 CH 3 / M 
CH 3 CH = C-CH 2 - CH 3 / c 
CH 3 

CH 3 CH 2 CH-CH 2 /j 
I I 
CH 3 CH 3 



(jx .laJj (Jj-a (Jclij (j^ A^jLill 4jjjJa*JI (.111 .^J-iH 4jjLull A *j ■ alt ' ■ u£l j ^joj (V 

: (j^a (Jj-a £-a CI2 

C 4 H 10 fe C 2 H 6 /^ CH 4 /I 

: (j-a 0^.1 j (Jj-a £-a HBr 

: a lie ^ulill £ _aj La 

. la^la II I^A j^a (jj^JJ (jl J ^_A)V^ ^ JUJ 

; 4^jJa_a-aJI ojLaJI (ja LlJjXa <LuVI <-1iIj£ja1I (j-a ilS jjJaaJj ' L£ ^-»-<aj (V 
. JjiL\jV! j-a jJAjVI /<— 1 . jjjjjill j-a jbjjill /I 

. JliLuJI t> JjjLuJI 
q : Aiftl J*£l (A 

II 

I. CH3-C-H + HCN ► 

O 

II A/Ht 

II. R-C-OH + ROH . ^ 

O 

III. CH3-C-CH3 + H 2 £*1 ► 

JJC- (j.n<\.i,ti]l c.j-Ja ^gk fJjA\ jlc- £-a (A) ^fuuJI (_gji 'r-tf \\ L_l5ij^]l (Jclijj 
lli, 11S jjAiA £a (B) Jj-aj^)ill jja 1 ""' licj (B) -lLaj^)i]l jj£jJ3 j-oiLvaJI 
A^JJJJ (C 2 H 6 0) <ij^aJI li (C) Jjp^l! £JJJ ^jjjj^ll 

• • ojl j^. <L>j.i lie. ,j-ilajJI "Ual^i. £-a (C) L_ iSj^JI (Jclijj .^jjjj-^all 
^a jjijauJL) (D) t_j£i^a]l Jclilj . jJa. jjJj^JI jlc. j (D) ^uLill Li 
(Jc-lii .lie . jjjoilaall 'in 11^ jl j (E) (_via-alaJI ^ U.^l tiLujlajll b 1 j£ jl 
jjSjJ JcLuix (J-al*£ Jj' a£ JJC- (jlaxLa. -ij^J (E) J (C) L_ iS^aJI 

. (F) 

.F(E«D«CiBi AdijJ' r /i 

. a^lcl jjSlaJI AjjIjoj^H Cj^cliull J£] 4j jj^a LJ^^U-a L_£&l /(_! 



C 3 H 6 0/^ C 4 H 10 O /i 

. Qjj^ i alt J iiiiVi ^cjJajp 



Electrochemistry 



; jjn uTijt Ajjb^SJI f 1 j aj£ It (j-aoau j 4_ub^)g£JI jAljlall 

. bJ!>U. frbj^il jjj^ sjUII tiKiu jA j : ^bj^UI Jjkjll 
. c.bjg£il j^S ^Ll«j^JI Jclsoll jjJ jA j : AjjLlojS jj$£JI -UliJI j^jb (Y 

. J^t ^1 JSJi Jjjpu b&aJj Jliii S.iC. bJ 43UJI J li<Jc Aal 
AjjLlojS It AflUall JjJ^ ^J^"'"'"' ' dluijJ (JjLojVI <Li.j^U (j^bll i flj^aJI 

4iUa Jl Ajjbj^ill ASUalt JjjaJ Jjj^aioll <ja ^ll ^jli t_jbJI IjlA J 

. 4jjbj^ AiUa Jl AjjUoJ^I 4ilk]l JjjaJ j AjjbyuS 
-1 AjlaC ^ 4jjLia£ 4iUa J) 4jjbj$£]l ASILII JjJ^J AjLoC jl 

JjLabll ^ft.i.iu AjLxll ojlA Jla j 4 JUaJ^JI (jcbdll lill.la.1 J Ajjbj$UI ASUall 

^ikj ^^-.uou Jbjs^l jboJb (jjiij Jll jkiJI j . (Electrolysis) g^o^ 
4aLc ^js^l Jjlaall ajL»J J&*j • (electrolytic cell) ^ja^ 1 Jjkjll 

. *U! J^U. Jbj$£]l jUll jl j^b bla** a jj^abc Jl C.UJI Jjkj 

2H 2 ► 2H 2 (g ) + 2 (g ) 

jj^abaJI <_>a*J ^bj) (J!La Ac! li alt J A»alA AjlLaC (_^Jj$£JI (Jjiabllj 

(j-* ^gJoU tia.V lillj (j '<->■* \\ {_yajiL±hjij . IAjjC-j Jji^JI ' (Jjbsall ( ^jjjj^Wl^ 

jc-bull ^ Jbj$£ jlii Jc <_Lwaaaj (jl ^^A AajluJI AjLoxJI (JjSc (jl 
(Jc-lioll liA JL« ^..U . Ajjbj$£ 4iUa Jl A-uUaAll Afllkll JjjaJ ^\ . JUajSlI 
Aj\-s\b ^g.rt.i.iu buJia jl 4^ub<uSj^£Jl Aj\-s\b 3 -jl^'i «J| ^^auUj bjb-aj£ j !>Lc.Laj 
. 4jjbJI AjjUaJI o jb>^. AjlaJI £>AgJ IlIuU Jb^a j AjuJjill 4jLaJI J AjjULJI 
jl (_L<aj-aJI ^)JC tllbjjjSJVI jbjjoj jC ojbc ^^A «.b^)$£JI jl fAxj jpj 

^^jJI 4jjLl«jSJI ("i!j\^t\I jl ojjjjJalb ^^-istJ I^Aj bj^£ Ajj^. uLa ^b»ti.l (_jl 



o.lui£i lIl/IcUj jc ^cjjj 4jjLl<uS jjfl^N U!>LiJ) jl ^j^JI JjLall LpLi. ^ 

. (Oxidation - Reduction) j 



JjVl < <>r>\\ *U<u£ jJL JljlkV! j SiuiSSfl Cj^clij Cj^jJ ja3 

? jtLoj^L* J AuiSbJI ^gJjlaC- j^ ("*) 

? JjlLJI cULJI U ( j) 



jjjjSJI jl il*3 i-*-^ (_$UI j) . ^_ysLua^\ jla llll ilia ^^Jc (Jx<aaaj 

. (j^L^aj^ jk ( _ - >-aL^^)ll lj i jl 

2PbO + C ► 2Pb + C0 2 

. Jj^a-JI 



Jj.li JjjjK Jj^ a J ( III ) -lj-^JI -^JJ^ (Jjla-a (j-a tjl^i-a t_U-a 

? ^Uiu lit* . jUSil J ( II ) 
Jji^j ( IV ) j^ill ^jjK Jl ( II ) jj^SII ^jjK 

: JVI Jcliill ( II ) jjjaJl jjjjK Jl ( III ) jj^JI jjjjK 

« ( II ) jj^SJI jjjjK + ( III ) ^1 

( IV ) jja^I jjjjK + ( II ) AJ^ 1 JjjjK 

2FeCl 3 + SnCl 2 ► 2FeCl 2 + SnCl 4 



.CI? < H 2 + 0- 2 , Mg 2+ Cl 2 ~ < Na + Cl- 

tjjjpSJI ojj .aaiu ^jJjjj-aJI JjjjK ^jJ^I L_lSj^JI J !>l!Laa 

. la uJI (_£.}L^I (_Ja.j-all ^jjjjj-all (jjJi J) Jj^"'"'^ Tj^lj 

Na ► Na + + e - 

(J^\ (-JLJI jjKJI jji J) J jajjl jjKI! oji <±uu£j jjJ&WI liA 

CI + e" ► Cl- 

+ ) jA NaCl <— l£jJI J -j^j- all o.lu£Vl JJC (jl J jSj Ua 

J u^> jj&l (» jjjj*^ s ji .££ (MgCl 2 ) J j^Vl ^jJI J ^ 
Mg ►" Mg 2+ + 2e 

. NaCl J* ^ J LaS jjKll jtj jj La^uuSj jlljJ&WI jliA 

• (^~'~) J* fJ^j^*-^ sJjoiSVI (jl lift Jjij 

J (jijjjai IjjU H 2 frUJI Jla ^LaALuuJI JaJ jjll AJU J Lai 

Ja . A£ jLLa ljLi jJ&]| IgJ <> ft jib ljI jill (> AJS Cil&jl jS ljU jjSftM 

JJC . j ja^aiS jVl jJ^jjJJ^SI Jji t> !^l <jjjjjj£]l ji ^ Jiij frLaJI 

^ £1 



J <LUiJ o jiSI Jj\\ CjU jJ&WI Aic <jc o j£a luk*j jil aOu^Vl 

JJC jl aJjSSrtll dlljjJJ^JVI -i-iC (_£jLuij '"'I ''^ jj^ JJC- Aj]c t_JLi.j^ (jjJI 
tllLiaaiJI (j* JOc 4j1c L_lllui yjj J jaJjoJ ojUl IgiluaSI ^^jJI ljIj jj^VI 

. lllljj (_^a Alui&aJI tllljjJp^JVI -i-iC ^jLojJ 

J£ ^ tijjp^J! ) (jjjjjp^JI yj^jj^JI Ijjj Ss& H2S s-^j-a ^ !>lla 

: ( U^JJ-^ 

H ► H + + e" 

. (\ +\ (j^ JjV'iS^ a-luiSyt JJC (jj^Jj 
( S _ ) L_ llLuJI JJJJ^)ASI (jjjl J) J_yaJUJ (jjjjjMSJVI du^J^JI sjj L-b iuSj 

liUjl] j Lub !%ui ^^Lll Ljl£^aJI j Ljlj jjVl ^ 0.1u£Vl -i-^C JJ^J jl 

: LaJ3 lAJjjj Lg-AJC Jjslai! .icljall l _>^*_) tllxjJaj 

Jla AjjUJI IgjJU. ^ jj^aLixll iilJj£ j Fe t Mg c H Jla tAj.ii.jj ^ jJI 

. Ij'' a (_£jLuiJ 1 1 iajl jA CI2 ' H2 
^ UJ^' cs^' Ajauill c5jl"J S J^' LS^l UJ^ oAuiSVl JJC (V 

. Fe 2 ' 4 " . S 2 ". (^-)F"" t (U) Na + .tc jjj 

CSjluU JjlxlJI e^jaJI ^ t-jljjl J£J oAjoiSVI ijcV cSJf?^' £ j-aa-aJI (V 

3 ja ^ jluu till jjJI Jjjiia jjjV Aj jLoJI till jjll jjuiShll jl Jcl p j,^.^ ( £ 

. tcjjj LaS (jjjVI l^laa-l ^^lll 

Ijc U H 2 t CuO Jla AjbS^a J£ jj^jbU SJk^Vl jjc (<= 
eAuiSl jjc jjli Na 2 02 ' H2O2 Jla tiilAiuiS jjjJI djL£j-a ^ 
. a iu£b jjc jjli (OF2) jjiiJI ^r* l-a-^c j '(^ _ ) j;r ■ ' l<: jVl 
l^c La H 2 <■ NH 3 Jla (^+) AjL£^> JS ^ yg^ a^u^Vl ^ 

• _ ) BaH2 ' NaH Jl* cjljlill ljIjjjjja CiI&ja 

LS* + ) <^>a^-aJl) K t Na Jl* A^y^A -t,^J^\ Ato (V 

Mg J Ca Jla (V) AC ^a^-aJI - AjjJajVl djbjlall Ac ^a^aJ aAuiSVl Ait (A 



^ £V 



t HC1 Jla 2L3l£ll IgjbS^a ^i- (V) ^^Jl - CjU^ jllfc]] sau^I Ato (1 

. (>-) ja NaBr . HF 
t H 2 S eft* M^ 31 ^ - (1) ^^a^JI - Ljjjj^il s^sVt jjc • 

. jjlaJlj jjja i j£ jV I ajUSj^ f 1 iij i J j ) FeS 

? C10 4 ~ jjJ JJ 1 ^ Ate U : Jli» 

^ j-<^« lilljil j _ ) j;r ■ jbll SAuiSVl jjc. jli (o) sjcliSI - 

. A- = (1- X £^ jA , .■< J Ljljj aJjaiSVl 

4 la mi J»aaJ (jjjjVl (ji LaJ — 
^- = (a-) + ^ : dn^j (^) 
V + = ) - A+ = ^ 

? (K 2 Cr 2 7 ) i-jSj* fjJXi S^i U : (Y-A) Jli» 

2 xjjoi iilllj& ji 1 aJj - (<=) SJcUll - (jj-> i oS jbll SAuiSVl JJc - 

X V) (_£j1 uu jja i oSjb^ 1 oAuiSVI Jljcl aa-a (jj^J jj? ' J dlljj 

(jtjjj jl lajj ^jjjJjjJl aJjuoSVl J^C- (jli (V) SJclB (j* - 

. Y + = ( (^"'") X Y) (_£jluiJ La$J oAuiSVI -iljicl ^j^a-a jj^} ^J^l^J^ 

^ jj^ll oJjoiSVI J^C jl iLJaji Iij 4j1c j Jjbtla AiV t jk^a (_£ jLuU jl 
^jjj sAuiSVI -il-iCI ^ a jj-^J ^JJ^' j** j^P ^"^J (o") LSj^J 

: Y) fjjii 

jk^ = £-) + (Y+) + (jjY 

jik^a = ) i — Y + ,jjY 

^)i»-a = ^ Y — (_)jY 
\ Y+ = (jjY 
1+ = ^ 

. Cr 6+ t (1+) a jj^J! ojj] aJjuoSVl J^C- .'. 

^iJ SiiLa Ailui j 1 g ~'^lj (J^l£Jb T jaja->. IjOui ( " 1 1 nj\ sAui^VI jl^C-l jj 

JJC (j-a ^iSl ^a.ljJI jj-ai»U Jtaj lij£i Laia i 4jjLLaJ^ll tllvlc lidll 
jljcl IgJS dluulj fjjjoiS (J^aJ oJjoiSVl Jl^cl c^ 3 *^ j^ (Jj ' ttjjj LaS 



? (Na 2 S 4 6 ) h^j^ ^ ^j&b '^Vl jjc U : (V-A) Jtl» 
: ^VIS tUl jill A^hll jIj&I J jaj (o) j (V) jAi&lill t> - 
: cjjjj^U SAuiSSfl jjc. ji 4Jc j(\-)Oi(H) Na 
ji^ = ^ £ + ()+) x Y + (Y- x \) 
jik^a = ,jj£ + Y + ) Y — 
^ . + = ^£ 

Fe 2+ ► Fe" 3+ + "e 

. (r+) Jl (Y+) <> <iau£i j^c sjbjl Fe 3+ J] Au£b Fe 2+ J Jjij 
: Jcliall !*S*fl " ^ ^^ill " > J>kVI ^ 

Zn ( S ) + CI2 ( g ) ► Z11CI2 ( S ) 

<> jj> J) Jjau ^1 (1 -) ^1 (Cl 2 ) (> jj&U SAuiSVl j Ja 

. Jj&a-a J^lc. j^i AjAuiSI jjc. o^ljji . AjuiSb ja <ul J jaia (^+) 

. J j\\ 

< : : 

t V+ t Y+ < )+ t jfij^a t ) — < V— t 

> 



• ^-5^ (J^ J' UJO^' jS^J (jji "S^J ^ (S cs^ 'SJ* a W Jal j -WjJ ^-"-^J^ 

CH 2 Cl 2 (r) CH3CI (Y) CH 4 0) 

CC1 4 (<>) CHC1 3 (£) 

ojj I4J liljLiu ji Ujaiu J lg ^1 tlilj jJ&WI J-ic jA jalSjll 

jl C- t_JjaV AjLLaJI ^gjl-LajSJI LjliiJI AJLi. (J - — "I ji.1 j' ajfc ojj j' aixjl 

. tllljjjJ^JI ^jjLaJ ^gJ] ^^.jliJI sjl.la (J-aJ^J (jl J^l <^j»-*J • (J^ 

i-icJ L_lLuiaJ Aj^sUJI j 4ijLJI JcljSlI (j* (^) J (^) <j£j**M 1 lit 

J^C ( _)| 1 1 "X aj ' " ll JJa llgJlj (jja jj 1^ II lm£ijjl 

. ( £ — ) (_5 jLuu jjjj^JI AjaiSb .lie (jl* ull ^ ( 1 

• ) i£ UJ^J^' ^">£b ^^c- J/y^ -^JJ^ 
. lSJ^*} (jjO^ AjaiSb JJc (jjlAlAJI JjjjK (V 

• (^ + ) lS uj^J^ -i^b JJc ^jjajjjKJI ^ 
. (£+) is jIj*» jjjj^il AuiSb j^c jjjjSJI ^jjjIS £jlj (_^i 



4iLLJI cs Jc Jj-aaj jl jX-liailuij ( \f\ (jjSUj t_i jjj <_ jUJI (j»a «■ jaJI I j& ^fl 



. (p-A) J£Ji jtil) 




OfrljS jl li <-\<\\\ o^Ljaj ( _Jc JJjb -laa.Vj Jbtj bja. i iuiiaJ 

: Aju^I ^jliaJI ^aliJiuij lift 

. alt qa jjSI sc.l jal j"u<u\ jill (Jja-uijj li 
,-jba.jS (Jclij CLljJla. ^^Jc (JJj ,jjLaj]l (Jja. jlc. Jcb-aij 

Ia^)£ujI ^JjW bljS Ajla 1 (Jb»a ^jAj 4jjb^£J! 4jiaJI ^a.i.iU 3 a^JalaJI ai& 
4jjbj$£]| ASUall jrbjj I "< aJ CjjSI t> Jj J A » • ) blj3 gJUaJ^I fJbJI 



. ^LoJI A i jailt dlljij (Jjia-<U c.jLu> (JjiIS ^gfl (jjlaaJI (j^ t£iuj (J«aC.| 
(jjLaall lillui ^jic I— LuijpJ CLiIAj 4jJaiSI (jl JALuU tllSjll ^J^axJ t J*J 




Cu 



Cu 



-.WW 

■w. .\\\ 

2 + V/AW 
■.■rVVW.w 

-■-vwvw 




N0 3 ' 



, ^LJI 4jJaaJ! tlllj&j J jia-a ,jjUu]I Jclsu : (Y — A) J£ji 



Cu (S ) + 2Ag (aq) 



► Cu 2+ + 2Ag 



(s) 



: (°) ^J*3 

. (r-A) j^aii 

Cu Cu 




Zn 



2 + 



N0 3 



tllljoj Jjla a j (jjlaall (joj Jclso t^w^ V 4oi ^ oofcLLaJI ,j-aiJoj 

Cu ( S ) + Zn ( aq ) + X 

jpSl " JjO* " 4jJasJI jla (jl ^cjHuij (jl 1 Ii£ aJ (jijA&LuuJI (jojlfc (j-a 
Jl jii.1 (jl (j\ t AjUS^a (j* ,jjlal]l ^1 jl lilloJ j (jjlaall (j-a tlllo jjp^WI JlosluiV 
aLso ^gk jpSI (jjj-ajliJI Lai . (jjLaall Jljjii.1 (j* Jg-uil AjJasJI 

. 4JI joi.1 — 4olo£ j^i (jx AoaJ jj (jjLajJI jxJaluio lillol j ,jjLaaJI (j* tlllo j ji£J!/U 

. (jOx-ajliJI Jl joi.1 (j* Jg-"l (jjlaall Jl joi.1 jl ^1 

: JloJI jaall ^^ic 4ojIo£ I aJ 4jJasJI till joj j ,jjUlll joj JclsoJI 

.So^ijclio Cu (s) ► Cu 2+ (aq) + 2e (1) 

.JljjiilJcAfi 2Ag + (aq) +2e ► 2Ag (s) J ( M ) 

.^1 JcUuJI Cu (s) + 2Ag + (aq) ► Cu 2+ + 2Ag (s) | (-) 

' a > ^^-ajojJ (l_l) AJjUt-oJI j (o.lu£Vl) JclsoJI ' a i (1) AJola-aJI 

C5 ik^ail (J- 6 ^ Jj*- 3 ^ ajliiclo cJcLiiil ' L^aij (jl I aJ (_£) 

. (i) J^ 

Jl jikVI J flAjoiSVI tllV^l«-a (jjjJ oOJ&a Asojla Jclsoll ' Asojia Jfi*0 

^ jLoii (a.lui£VI) JclsoJI ' a^aj ^ 00 jsiall llllj jjjSJVI OOC (jl oSloll qa OJ V j 
t-JjjJaJ lillj j ( Jl joi-Vl) JclsoJI ' L^aj ^fl AouuS-aJI (loll jj&WI OOC LalaO 
^ La£ lilJoS ojjjjJall LOCO jl AouillaJI t-lXaLtJI ^ LaAloa-l ji (jooJoUr-aJI 

. (JjjLuJI Jlo-aJI 

J jO* LaOOJ 4oj jj&tyl AilV 1 

4-aoso (JjIsj (jjjoSJVI (—jLujoSV ojoll JjO-a (jj 
(jU\,nl (jluiblaJI jloA . ajoJI tdJol (jotoll AiUa 4-aoso (jjlso jjjiSJI (jloasJ ojoJI 

. 4o jUJI 4oUI Col joll (jjSo jl AJU ^ 
13 a i AoauU la jA (Jill oLall jli JoJla-aJI ^ tllljoll Oj^.j OOC lal 

. ( iJasJ l 



•. (Electrode potential) LjSaal\ ^ ^ - 

(_£jiaj ic) — .la.1 (Jjla a J (M) jlill L>* u * (.^""S La-lic 

." (electrode) " ( M n+ ) jlill c^J J jkJI 

IjlA o-iLa (jj^J (jill jlill -la.1 (Jjia-aj L_llaill j* (jj^JJ <_gjll <Laj]alallj 

. (£-A) JLS jiijl . (half - cell) < i.nMl 2bli ljLSII 

: Uala^ Cj^lii djX cSllUA <SbJI a^A 
. jjub (_$1 I4I cilJAJ (jl (jjj L-liaalb J jia-all ^fl jlill tllli jjl - S La 1 ad ( ^ ) 

. JcIsuj V (Jl 

J jajjl tliUj jj£ll L-b iuSjj ' ■ llaSlI J Jjl^ J jlill tlllj jjl ^.ilaj ad jl (Y) 

. jlill S jj Jl 

M n+ + n e ► M 

Aiaaj jjSjjj ' _ '^'"N .lie jlill jjJ^ JljpaJ lllAaJ (_£l 

. t_llaill Jc. ^a 
. M n+ (jjjlS J all (J^SS j C lb* j jj£ll ' ■ ilaSlI (ja jj jisu jl (V) 

M ► M n+ + ne 

. <_ilaSl| Jc. <LJlui 3 la ui (jjSiu j jlill AjaiSfcj 



jlill CJ 1 




JU JjL^ 



LuajM JLk : (£-A) J£Ji 



*1 o£ 



^ la uj ' luuSt & * LajjJ AjILui ^ la ui ( Lui SSI Uaa (iSijA J 3 r 
^fl 1 aljj . jJx<ajlaJI dlljJ^jS (j« ( <\ Jj^ " jj»ai-a jjj^jla. J^« 
t_llLui Ijla a j ba.j»a (jjlajll ^ J ■ <aj (jjlajll iIiIjj^jS Jj^ " ^ (jjlaall AJla. 

. jJx<ajlaJI ^j] <lla. ^fl w „' (jjiSc . AjajaJI 

JaJj AjILuj 4ja.j^a LaAl.laJ (jjuiajaj jj£jp ■^J^-J j' ^-"-^l^l (j-* 

. t _ \ .A^a. ^rt.i.iU 4jjla-aj L_»iaall jjj ^1 — i <^ nj .Ag^s. (_3^)3 jljj *LajiVl,a\l 
Jgjui jlall jl£ Ijj Lllui t_iiaall O^a. jj^J (jl eLolsJl ^Jiaj^al 

La£ t Jj^aJlj ^» jjjjjjc-LttJI j ^^3^1 Ac-j^> jj^aliCj (jjj^ajlaJI Jxa AuiSull 

Ja.jG ^jJI t_j]aaJI ^..u 1 ,n\u t (Cathode) <Jb AJLJI cjIIjjVI s.iu£l 

.4ja. j-aJI Cjll jjVI Jl Jpa.1 AjLc <aJajoi ^ j .(Anode) ^o-aJb llAl jj&tyl 
(jAjiaill (jl .iStill 1 rtg i J ' J»-aj ^ a 11 (Jj3 (J^b^ 

j£«aJ <Lal£ SjjIj ^^ic Jj-aaj ' " Ua J (J>i» jll 1 rtg i ;\ LagJjj^ajJ A3 jjljla aJlj 
. jjailxa ^bj^S jbu ^^Jc Jj-aajJ t&^C- (_£Jjo)J (jl '"'^ la luII 
JIC (jj jla-aJI j *U^£11 Jjj-ajjll aJja. o^La (ja tilLaJ jbiakll (_L<ajj 
4jjaJl CjIjjJjjjSjVI ^a.V j^J-a Jjla-a jC ojbc ^ciaJI j^a jjuia. jl jlal c.LoiC. 

. (ebj$£il Jj-a_»-a Jjiai a) 
^g.rt.i.iU Aijjiall a^j j/'^ aj aJl ' L^alll "'J^ (j-a AijfLall 4^ajh'l^\l j] 

e. 




(J^Jl) Cu 



( + ) 

li) Ag 



1/ ' 



Aj.h^jj^W iulaJI : (o-A) J£Ji 



(_3^)3j . jx-alixll 4j<L jjc ajj«aJ Ua-i ajl La£ (_>^laJI a-ig-a. J' ajfc (JSJ 

. 1 ^ l_fi!/lja.l (j-a (jjjls (JJJ ljuiil ^ ^ ^ 

Ijla a j^JJ (jj-^ La-iJCj ojl^a. 4-a.jJ Aic i_iLk]! Ag^. (Jjba (jl 
dljlS Ijjj 4_ljlj«JI j|j»ai] JaJj (_£ja. la» ■ u (_£jLuiJ (_£ja. JaijJaj ^jiJ^j JaJj 
-lie t j)V<)ll .i^a. (_>ulj3 . tjl_U lAjjj^a jp^l ^ sjLaJI (jj^JS 4-Ana J_a-aJI 

. ..iljaH i, _ 1 .^-^ a.i.iiJ t_a J^aJI 
l_fijjia]l a^A lLl&J (jja.jj.llgJI jlc- ' ■ llaj .Igja. (jl ^ciLj^al Ss\ 

(jjlL ^^.^aS AjjlLaJI ^fl - laluiJj !ji»-a (_£jluiJ ^^jailjall (jj^jjJj^JI ' ■ Uaj -Igja. 

' " '•«■'*« (jja.jj.ligJI jl*J IfraJajoi tLla-a ^jojJJ J (Jj-a UsjIdLa JJ^JJ <^a.j.lJ (HC1) 
jlc- jljp-al ^^Ic- AjjjLaJ JJ-aJJ . (_£_aa. Lut i .la.lj (_£jluU jlc. )a» i >i 

• cs-^l ' &JL<aj]t Jc-lij c_la.j^U (j^jjJj^Jl .luiSh ^lA * a Lu a ^jJc (jja. jjAigJI 



H, 



12(g) ^ 2H (aq) 

: <5jiSn >-aUsd] ^JLjill uJaB ^ ^bfl 

Ajla ^ ' ° ■ <aj (jjSj Ajla II ^' (Jjj-ajOJ IaUxJjI ^JjW Aijjjal! ^jusli 

(jC ojUc J^i\ 4jla It ' inajj t tLlui llajJajl La£ (jja.jjJj^JI ' ■ llaj (jc. ojUc 

. ^_uiLisJI ad^a. ijli^i jx^aixjl t-JaS 



+ 2 e 




HC1 Jjla- 



. lLiIjS •jV'^ a-laJj 

: aLU^U Ua j jjj^ajUJI iu£fc] 
Zn ► Zn 2+ + 2e 

2 _|_ c 

2H + + 2e ► H 2 

jja-jj-llgJI L_iLa J) <L<alj]| dllj jjm^JVI (jjli.jj.ligJ! dlljjjl hSLLL) ' - ua 

. (jjj-ajLiJI L_lia3 j»a 

• , V "V — jA ^^jaibaJI <iLa J^a. (jji 4_nlluj jp^I jjj-a jliJI L_iLa jl Laj 

. (jjLaall ' ■ llai J) jJ2kjj.llgJI L-llai (ja ^\ Qi&Xx^h alajVI 

H2 (g) ► 2H + (aq ) + 2 e 

Cu 2+ (aq) + 2e ► Cu (s) 

Jc L-bojjMJj (jjlaall dlljj J) (Jjia-aJI J (jjLaall dlljjjl (Jjpaj il 



jl Luj . djJji »,V£ ^jLuu ^aJI (_3j3 jl Jaj jjj-<u]jiil oc.lja j>* 

i_Ja.j^]l 4 a!>lc. (J-aa-l ^ a 11 (JjS j] 3 1^1 (jjiSlx-ttll alajVI ^ iSj"^ J^£^ 

. (jjLalll a luiSI jjx ciV"l j^JJ-^JI lm£l jl I^A j . tllljS * ,V £ + 

jM^l AJjg 1 oJ Aui^Ijj jJx<ajliJI jl ,jjLajllj jjj-ajLiJI jjJ AjjlLJI ^cllj 1 ajj 

. jjiLajll j^<a 

J&l j 4q\"|-\<\\l jj^ali*]] AjjoiLuj^I Jj^jsJI Jc (Jjj^aaJI j-a 1 «^ I^Aj 
AjjuiIuiVI J J^?JI ^JUJ"* ( ^ ) J J- 1 ?^! J ^ 1 ^ >"JI A-<ulaJI ^ 1 g 1 ^it \ LiiaJl 

. 2ujU1I 



: Lo£ JclsoJI 

(^hll) Zn (s) ► Zn 2+ (aq) + 2e ^ (. ,V1-) - = ^1 

(JJ^VI) Cu 2+ (aq) + 2e ► Cu( S) cAj »,rt + - ^Jl 

Zn (s) + Cu 2+ (aq) ► Cu (s) + Zn 2+ (aq) cAji ),) = 

IfraJI (jja J jj^aail j t (jilLta-a]! JclsuJI ^^Jc J j. ^ H 

<_La. j lillil j o.lu£i £jJa j (jVI (J-J^a jll J Jl JJli.VI jjfl <_liaSll ^a. jA till j3 

(jjj-ajliJI a.lui£l — (jjLaall (Jl Jfxi.1 ^ji. = Ajla II ^ja. 







r,.o - 


^ajAlllI 


- 


^ J-LuAj^-JI 


M - 


^JJjLlI 


Y,V1 - 


ajJjoJlSJI 


Y,V^ - 


ajJ ^ j • tail 


Y,VA - 


AjJ^jii-aJI 


1,V1 - 


ajjiajfyl 


1,.o - 




.,V1 - 


jj^ajUJI 


..o-; - 


rJJ sa 


.,££ - 


Jj^aJl 







. ,Y A - 


llAjKJl 


.,vr - 

i 1 1 




• M - 


jO. ^.'all 


. > Y - 


4 1 l ^» 4 11 


J 




. ,Y Y + 


di <vc ull 


. V£ + 


^)JjL^Vi ilill 


. + 




.,V1 + 


, ajj \]| 


. ,AY + 


a <U-£/b]l 


+ 


L-j&jJI 




JjJI 


W + 




+ 




Y,Ao + 





4-luiluJI lga>lc.lsuj jj^aUtll ,_>-al_ai. j^ fjjK "' jl £-lI»iuij 

£4 JiK ^Jj JjjUaJJ Jj^ali*]] A Jjl J aK II | _j*al ^kJI jl LK . ^UaKj^frSJI 

(Jclioil jjjj^aic "bLlii ^jjJajj i jj jl 1 aj LK . <LuiuiSI a^A I g u"t jj 
jC AjuVI (Jjjl&aJI -^Jjj (jl ^ v,< ^ aj Uj^C . 4-luiluJI ^ ^^li.iull UgjuJaj ^^Jc ebj 

: ^UaKjj$£JI aIuiIuJI 

^fl ^^ill jj-aLiaJI UilJ <J j3 <J jfxa-a jx*abc Aluiiuill (J jl ^fl ^^jJI jj^abxll ) 

. AjjS a li.K yd ^<alic. U^)i.l 
U ''"'J biiiJ i^-'"-'^ It UlaLuU a-luu ' ° ■ AluiluJI ts icl ^j]I dlljlill (Y) 
JaUull dllj OtaVl Jj^Uc v>'* . AiuIuiSI Jiuil Ujiajl UK JaUull IjJA 
J ja^JIj t L jj tfi jll dil jlall Aaj Uiu AiuiiuJI ^^icl (jfl Jlxill ^UaKJI 

. 4-luiluJI (Jiuil ^ (jjlaaJlj 4jJaill j L_l&i]l JlLa 
^Ul i_K^aJI lllbj Jjjl t jjK J j^aJI ^ jjjj^ic fj\ jjj JajJI jl£ UK (V) 



Zn + 2HC1 ► ZnCl 2 + H 2 : aJc ^i^JI ^Ua-Vl 

^ l«L ^1 dljlill ^ J Jj^JI JeS ^ & JA\ ^IjliU (°) 
Zn + 2AgN0 3 ► Zn(N0 3 ) 2 + 2Ag|: LpL£ ^ ^jsll 

Uuilla U^jjj j£_J| ,jja (jjSj jjj^^aic J£ 4JL)J$^ Lpta. t_blb <jLaJ (^) 



4JL) jgilll 4iUaJI <_Jc J jj^aaJI 1 aj 4jl (jjLJI Liwlaj Li3 jC jsl 

Ll^LJI jjoili* ^bj^S jLu ^Jc J i jj . Jljia.Vlj aJjoi^VI tlivl&liQ 

. AjjjUl (l^) 
: 4J#I yjuii (i) 

^gjl-LajS II JJJT^II (j»a ojjjlxa 4jL)jg£JI AiliJI ^Hi) ^aJJ b!AaJI si& ^fl 

V <_$i — AjjUjsU! 4iLkJI (j* I4J La lifclgiJ J*J Ij 4j jUI j| jJI Jl luml ' .'^Jj 

aLaJI ^ 4-LaaluiJI 4ilaJI 4jjlLJI ojL>a. Jxa 

: Mjjj&l t£taJl (cj) 

AiUa J£Ji UjIui IpjjaJ pJ jA\ Ajihj^W ASUaJI £j£ IpLJI fljlA 
ilii il >al A a LU 4jaJI CL1L1 ala a ;'uj , Jl Laj£ (Jc-Uj i_j|ja.l 4 a LU 4_uLujS 

. ^1 jJI J CjUjLUI j\ lJ j±±A pJi tiLai Ajjj^l b!>laJI jlkj 

UplLa. ^Jj AjjLj^JI l^iaUa (il^lual a*J AjjjUl <iaJI ^ AjjUaJ^I i jJI aix.) 
Jl Jja-Vl j sJ— uiSVl J&1& ^Jt Ja«j ^pll l^ja JJ jj J jVl 



^ 1 . 



•. (Electrolysis) i\Aa3 

till uilJI tllAaJ Uixi Uu 4_l]ll]l dllajj tall , j . 4_uLwj£JI tlL^lcUoIl 

jIjaJI '"'I Jjg ■ jl (Jjlla-a (J^Sbk (j-a ^^SJI jbSJI jlj-*) ^ *Lub*j£JI 

. ^b^g^ll JjW'll AjLaJU AjLaaJI a 1ft t_fi^)*j j . 4q\"i-s,a\l 

|j| 

: ^gjVI jalll cs ic jUaVI I^A ^ (JjI jjoJI ' ali aj (jl (jS-aJ La _a-aC j 

(JjJla-a (J!La ^gjl-LajS JJ^«J lilJj t_la-i aJj ^b^SJI jball (_L-ajM (JjIjjoj . Y 
JJL^aJI ai& l ^ s .A.uZlj . lgjljj^J-a-aj tllbjlallj (_ - ^aLaa.Vlj ^^LaVI 

. 4jja tiiLul ^ j (electrolytes) tiibbl jJ&Wb 

JjjoiS jjJjIa j Jibi^jjSJI (jhrt^j tiLlaJI (jlaoa (JJla-a (J!La ^LlajSJI 
LjjL t_i»-ajj (_gAj jiaLaJI «.LaJlj <JjjJaaJI ,_yaLaa.Vl (JJla-aj ^jjljjxVl 

. 4 9 m > a tll bbj ^3 j** ^ 
^g-^i.iUj ^jjSjjjKJI j J ja£JI j jj^AlllS ^bj^SJI jbaJI (_L-ajJ V (JjI jjoi . £ 
" . (tllb^jJ&M) j\ 4Mjj£N\ JJL^aJb 

; £uju9l Zjj&ll (Y-o-A) 

JJl^all jjc. ^.'Jg^^ J~£^ ^ AjjLvajS dll^Jjij tllAaJ IjLaJ 

tllSjC <J_>iaj (^AA») jjjjA jl ^JLtSI jXjJa j JIjjoiSI IjlA jC AjL>!1S 

: 4jjVI lalaiJI ^ U ja. jj j 4-ajaib lilli 0*J 
AjILujj Aja-j^ tliLjjl 4jjJjjjSJVI ^Ij-aJI till jj^ i a* jl (Jj]La-a ' J ^'" (^ 

HC1 > H + + CI" : ^ . 4^1 

I ailJ ^abuJI Na + !^la a^abu ^jLoU jjjVl ^ djliauill JJt (Y 

."jfltSdl ^ S0 4 2 - jCa 2+ 

(_5 jLjjJ AjuJ jjp^JVI a^LaJI t^3^ ^LjJI j <la. j^JI tlibajuolJ (_^^)faJI ^ jAa-aJI (V 

. CuS0 4 2 " (> S0 4 2 " j Cu 2+ Jla t>^ 

Lpjb Aa.jOl c.bj^£JI Jjj^a jol Ajjall AillJjJp^lVI JJbi-aJI ajSLa (i 
J jL Jl ^ J^bUb jjbj ^jjj jj^all JJJjK !i\la . AjjLaJI L>LJla-a ^ AJbJI 

. JJLs-aJI eiA ^ Sja. NaCl tljLuja. Jal V j 



: ^ia J jkJI •4<n< V Uplij> c^i • 
CH3COOH ^ =^ CH3COO- + H + 

. jaaa tiKiuj Al; II ^ j^. t_aJl J£ ^gak 



c*U (S0 4 2 ") j (OH - ) j (Na + ) j (H + ) Jl* J jk^I! ^ s^l Jb^ill 
4-LuluJt La j' <ai*J t_±a.jx ujJi lS' u!^ 4-^j-aJI tliljjjpU <iuulLi : (1 — \ ) 

j' aj«Jt (jjJl (JjS -Lig-aJI .lie Alia ui ^JSJ (jl a i£ aJ 4jjLvaj£jj$£JI 



i-i V .nil 



K + 


OH- 


Na + 


r 


Ca 2+ 


Br 


Mg 2+ 


cr 


Zn 2+ 


N0 3 ~ 


Fe 2+ 


S0 4 2 


Pb 2+ 




H + 




Cu + 




Ag + 





> 



(Na + ) j(H + )^Jc (NaOH) b^Jl ^j^^j^^k 

jlc. tj j^a (Na + ) jjJ (Jj3 J^laJJ (H + ) jjJ (jl JJC. Lug al\ jau LaA!/l£ 4^JJj 

• Jjl^l y& t ja. (Na + ) JlaJ UjjJ jj^jjjj^l 
Aiuiluill ^3 La jj-aiaJ L_llLui jji ^1 jji AuIluJI (JjljjxSU Afuullj : (t_l — ^ 
jjjl (Jja It i <-\<\\\ .lie AulluJI Alia ui ^JSJ (jl 4j£-aJ 4jjI j ajS j jg£Jl 
^ ,_>ulau3l tllljJ^)j£ Jj^ a (_£j!±a>J ^/l!La3 l_lijj£jl 4uL ^ill jx^aiatl! 
laA^ A^JJj *U <> (OH ~ ) J (S0 4 2 ~ ) Jft *laJ1 

1 j'w ^jsj (OH ) (JjjoiSjjJjlgJI Ac j^-n ^ (jl jjc. < it 1 ,-iflll jau 

. Jjla aJl ^gfl >^L>^' <C-j-a^-a (JiaJ LailJ V jl 

(JjS <iia-uiS 4jUjSJ (jLaSaJ jl j J_aia aJl (JaJj (j«-a jjjl j^JM j LaK 
L_lijj£]l ^ JJ^VI 4sjnij jl£ jjj t jjSjm <La (Ja'j Ajauill ^jj 4£jLiu jjjl 

. 4ajlj^j^j^£JI aIuAjoJI ^gk 
(jx 4^jUJI (OH - ) iujS jjA&JI Cjljjjl Jja Aulauil (Cl~) Jjjj&II jjJ p'jaV 

4£j^ a jl jx ^C.^)llj (Jjia-aJI ^fl (OH ) j^JJ '^SSJ 4_baij «.LaJI (Jlau 

• ^A**£jJ$^ AiuiiuJI ^ (Cl~) (JfuU -liu£jJ.ll$JI 



: j£>4ll tiL JJ^JJ- 5 ^ 1 u^*^ JjJa^ Jjlaj : ( \ ) Mjjaj 

jjQJjjjVl bLaij jJOJajoJI cljlj AjjjjVl j£j»a]l liLjjKjj^l j^i«-> j-a tluilLa 
^Llj^SJI (Jjiaall ^tjljj jl jj ^>jAuill£JI JjjjK £tla (j^ j^J-« Jj^ aJ (^) 
AjjUj^£]I ojjIjJI (Jv^I ^ic . 4j3 l_i jju V j^J-^l ^JJJ^ JJ-^^' j'-"^^ 
jUtSJj ' " ua iaAQ Jl ^ic. jja>jjAi^JI jlc-j It 1 ,^i^\l Aic j jlc. ^cL^ajj 

. (Jiuil ^jJjoJlSJI JjjjIS (Jjia-aJ 

: AujjjVI 4jjlaill frjjJa ^^Jc till JALLaJI jAi.iiu 

hci ► h + + cr 



^ J....ll<ti 



. JS>aII djjjlSjjJ^I ok« Jjl^ jl^ : (V-A) JiA 

■Iui^Ijq] It i jaJ 4_Jl_uJI JjKJI dlljjji A^JLi LaS jja. jj-llgJI 4jj£»a (JjlxJUj 







cr - e — - CI 


H + + e ^ H 


CI + CI - Cl 2 


H + H 



. It > lie Jjl^l 

QA iauAA JL m lLuAj (NaCl) ^IxJalt ^la Jjla-a : (^) 

; ^Jb]| (Jj^aJl <"ihUt\l (j^ailj j It > .-i^l 







S<V" , OH" 

(jjJl — *" ■ a all J) (jlg^JJ 

cr - e CI 

CI + CI * Cl 2 

jit- .lajj (jj^J : 


Na + , H + 

. AjLi\\A& J^£l\ 4llAlA\ 

H + + e ^ H 

H + H * H 2 


[^Jn ft^> ft\\ $Aj»1\^ ' ala a\\ Cu^SA\ (Jqj^i ^^a-ft ^0 - - 

: J.l£Jb jiij (VI) ^j£M 
H 2 S0 4 ► 2H + + S0 4 2_ 

Uj^ jjbjj 

H 2 ► H + + OH~ 






S0 4 /_ , OH" 

: AjjIj <u£jj$£J1 4-LuiLaJ! IgjuJa^Al 

OH - - e - OH 

OH + OH * H 2 + 

O + O . 2 


H + , H + 

H + + e H 

H + H ^ H 2 

jlc. jU^a. jjSjj : ^iiill 



no 



Jti\ b> jSjj IjjK ^bj^l J^l 



: t_uljjiJl ^ tlil jlall (^ 
^Lkl! ,jjbs*jll (Ja^j Aj UVu, c_uljjaJ1 jx ^A!La jA^jJI jls 

V ^ tluljjiilVI (jj^Jj t ^3 a tp^' (Jjbsall (j-a £jl (J-aaJj ^ ^ a - a 

. illLa (jjLaall tllbbjjS — (jjbsall ^!/Lal (_$^$ 
i a\\ j^j 4_ls.ja1I (jjilaaSI tlib ji <jjbj^£J1 ajjl^ll <jplc-j Aic 

^^ic ( _ s ij (jjbsJ (JSjoi ^ L_lui jjuj 4j^.ja1I I frila ui <Ll»-al tllbj ji£ll L-b iuSj 

. ^^aill (jjbsall t_daa 

: *bj$£lb fr ^UJI (Y 

4aj3j AAiLlj till jlall (_via*J ^Jajoil 4_iLjtil c.bj$£lb £.!>lLll 4-lLaC - ^ 
. ^jjSillj (JfLlillj 4 i aillj (jii!>bJlj i—lA^ll (J!La 4 *m till jLa aJ ji.1 jla (j^ 
JfLnlb -ifcLLall ji t-l&ilb tlllcluill c.!lL Jla lilli j* tjiiS LJOAbi lilkJ j 
(.LaiSljj) I li aJ Jj-IaJI jla <j<a Ajjlajlb T Jib Jal till jlall ftjlA <jV t*llj> j 

(_5 ja-Vl jiall ^pl jVl ji t ■ aJ J&biu La£ 4jajll *l ja.Vl ^ <1 jg,.,n 

. till jlall j* A alia a ^1 jjb l&j!>Ua ^JJ 
jlall j UaJ^-a ajpUa JjJ ^jll jlall J*i>J ebj$£lb *!lkll AjLaC ^ 
>la>V V jL-a j j&WI J jk-all jj^Jj • fc**^ <J *!lkll j| JJ ^ ill 

. AJ *!lkll jl JJ jlall c Xai 

• ^^<A\ U*»l CA i*fcMN ^-N^ 

Ajii. ^gk (^JlAjj&W Jj\^> (II) ,jjb>^ll dlbbjiS ujla a bt.iJaj lil 
(jji t Aiw-a Ajllaj o^al sJjaill ^jla-a bjbj^£ 0^ ^JJ**'J ts^^^W^' (Jjlajll 

. Jai^all Aic (_Lui jjj t_Sjjui (jjib^jll 
. tlia&l i aJ J3 Ajjoijlall (jjbsall <J-a£ jl AaJ «.bj^£ll <J-aS bac-bja 3I 
'*o->-j t_Sjjoi La£ ( (jjib&all till jij Jjla a 1 laAaJluil jl tllAa-j L-Sjjoi ^gjuill (_>oaj 
(VI) tlujjSlI (jixabv (Jjlb>-a q£*.jj±^\ jlc. ^^ic bljj-aa. Aic ^gjaill (J^aj 
4^La£ bacLja I jj Jcb-ailall jjia. jjJj^JI 4j»a£ ' afcl 1 auij — <Jjl^ll lj jj^all j 

. ^bj^ll 

m 



frbjgiLl! k±*& fj\ jill j .(Coulomb) f jl j£Jb *bj$£ll L-boiaJj 

o^aJ J^f^ AaJj AjJjjj ^bj^S j'J^P J"*^ b^jc (Ju-aj^ Jvbk j^u ^^lll 



x Ct = *il 



j 4 jjix«Vb jblll o-lJu (di) i ^ajljSJb «.b^£JI (iil) 

2_l<£ ili.il j bK Jjjj ^bj^JI J;b-ai ^ A^jbll s^bJI ji AijSa 

(jjj (jilt ^Slc- jAj 4 ^Ujlil (JjVI (jjjbll (-g ^mj (jj^ byJC frb^£JI 



. Jjla^J ^ >i f bj^il 4±a£ 2-4 



dlljji] (JJbk-a l^ja bajJa jj ^b^SJl Jjlaal] bvbw CLl^b bj^ Ij] 
J£ ^ bj^al j ' aia «JI (VI) CllJjJ^JI (j^aASk j (II) (jjbvjjl tllbjjjS j 4jJaflj| 
Ajjbiila «.b^£ ^JJ**' <-S' — -^J-* <j-*j^ *-^J "b-^" ^^0$^ bu-* 

. LpbJl Jai«-J 

^jjawjjJj^JI (j^ .laJj ^l^>aw (jj^J ^gia. ^b^aJI (Jjlabll b»-alj Ijj 
^bjJI j 2 , uall ^jjj b»a Aj^bll b>bUI ^bj^JI Jjlabll aAac baa jt 



(_J jLujJ c.bj$£ll qa <±«& ^1 ^b\aj 4jJail] 4j31£a]I a!&\\ t_b>u^)j 

^IjljlaJb ojLall (jx a.ia.1 j 4jal£^ AJjS ^cjju ^^ill c.b^£]| <b»a£ 

: . ^ 1 o • • 4_l<£]| ai& ujSj j 



. j^abjtll 



. hkLA U>H£ ^ U>> tfyA2 u^Luj f bj^il 







f LjfSJI 4jjaus <aJU]( (i) ^yajadl 4li£ 







jj-a a J a£ J ( t — s j3^J S?J^ j* jx bal^a. [j) L_bajjul lil 

: ^Jj LaS j i It 



0) 



(1) 



til 



(r) 



(«) 



C) 



0) 



0) 



J-u jlfi = ^ ^ ^ « r 

: jb ) UaUJI J (r) j (Y) jiibb-J b^ jt lit 



c4 



X 



— CAJ j=Jb (j) j,nW\l a!£ 



(j X dj = lil ^1 
: (jl ±aaa (£) ALU-all J (o) ^(^aJjJtll liaSj 



i_i llo . . 

AuJ j=J AuahU Wi 
llo . . 

j 

11 O . . X t_j 



= LjUl j=Jb (j) gjbll j,nW\l aJj£ 
= (-*) Jb^j^l * JlfLJI J ^ 



= _A 



AjUbiSI ALb-J Jl j ala j AjJc j 




Jl ( j) t A^bJb O-jll (j) ' J^Vb jUll Jl (^) >Ji 

Jb^jj^JI * JbU Jl (-a) t ^al£j Jl (^) t f l j=Jb 2Ljj]| 



: (£-A) Jll» 

AiiaJ £© alA (II) ^laull t-itLj^ J jla-a jaJ jLj ja lij 

. (ir ^UjU Ajjjji 

: JaJ 

.Ajift YV..='\.x£o = ( j t 1 V = j t Y=t_a t jjjJ o = 



: (e-A) JliU 

( j^ =u> i^J i na-^ ^ Jj^ * ^ J;lXal V ^gjbj^S jljj -lie AjjlaJI 

: JaJl 

.laJj ^a a (jji ^juUJ Y Y , £ (_£jluiJ .J • <_V<a -lie. 4 Ajjlxll l_fijjla3l -lit 

. r ^ui ^ Y » « 4 r ^»jj-i ^ , X = Y Y Y , £ jLuu <1« ^!^>a. 

: ^taljaJb *Ljj^£1I L-boiaj : V J 
1 . x o x f 

— = cil 



110.. 

f»l ja. Ja.lj jja.jjJj^lJ ^1 jail fr^JlUI jjaj ^IJ jli Ja.lj jl Uu 

aa. 1 X = , aJJalaJl ,"ua. o 1-IiaJI aJjS / "jjl 

~ 110.. <J*r->^-™- 

.J .(jia lie (j ilVul l (jja.jjJj^l j»a-a. jjSj 4ak-j 



: (n-A) Jtl» 

4jJai3l tllljjijj (jjlajl! tllljJ^)j£ " JJ^^J-a j'j**!-? 

(n ,A = ^laall 

: JaJ 



n,A x .,£ro 

.,UA 
1 .A,.V 



? sAuiSVl ^^c \* W't \$\\c, t 3alttll I Jill U 
: t> ^lal 4auJa jJI tljIjjU a.lu£Vl ax U (Y 

. (juViJ Sji) Mn0 4 ~ (\) 
. (jjiu>jsl\ ojj) P 4 

• (fj^^l Sjj) A1 2 3 (z) 

. jjJ jj^all a jj) Na 2 2 (-l) 

. (.ipaJ ajj) Fe 3 4 (-*) 

? (Jjlaj ' b£ j ? ji^i'itW ...hall ( . iWatl ^-^ La 
t ■ \\**\\\ (Jjiaj ' Lg_i jJC j ( Lgi-aC Aijjia LauJaj^ 4 ViUuill 4 jl-s\l (jc t*i (£ 



? b>UI AJjVl LpUJt L. - (o 

: jjc. m^Vi 

. ^£^a]l ^jaJi Ojc AjjIloj^I tlL/lclsull (I) 
. ^£j^JI £Jjij .lie AjjUoj^I ili!/lc.lajll 

^j-aL^a jll dj^j ^pll LJ^tlioll Jaaa AjjU^JI <^:>b-a]b £claj (1 

Uik. CjU jj&WI (jtjSa AbLlil Ua j H t Li t Al t Cu : j^b*JI ^ij (V 

: U Jb (A 

djb\il^^p^JV 1 ^ ftjjj f ^ . ^^^^ .lAaJI bjA±> 1 djbb]^^i£JV 1 j 1 aJJ ^1 

cljbjjl JJ^JJ (j-a (IjIjj^)jSJI tllbji JJ^JM (jl ^C-^)lb ^> ■ a all 

jlaJ a ^ (jjocluj 0.1a] JJfal » ,V 4j.la] jbu JJJ-a -lie /(_> 

la J ^ .,VUA L-i^Jj jalSil! ^Ifi 

JJfal • ,0 4jAui ^bj^ jbu jl^a) ^ic <luijla]l 4jJaill <Uj£ ^ 

(Jjiaj Ajla J A j i aJ a ,jjbs*j3l jla ^!/lal Jj^ a bj-J ^bj^S Jjkj 4_lk ^ Y 

Aajji jlaJI 4jJai3l 4JjS Lai . (jjbsal! (jx • , \ ^ L_luijJ 1 a^j3 c. b^£JI 



Nuclear Chemistry 

J 4jAtno Clllaa. j (jo jj^AJ ojloll jl Aijluill liJluil J liLlc __>o oaS 
tlllj j jpSJV I > .-J dllaa.j jo (jj^j ojill jlj l dlljill ^^i.iU j» i all 

^1 jill J JjiJ 4JLJI Ljlj jj&WI J lliSjC. US . Ljljj JjjAill j tljljjj jjJI J 
Jc JaLuoJ ojUI j^J-« tfiJjJa t j^a. (JloJ <_g^J SJ^I alj-" K.'^ ,_^aJ^)aJI 

. <LbuoJI dlb jjj jjill j <xa.j^ 4jjb^£ ' " ll la ui (JoaJj ^^jll 
^algJ r lj^<ti Jb>o J AijLuJI liljluil jl tlliaa.^ .13 UJ^ J 

aj£ I_$JSJ J) Ojj jo IgJlSdjl j Cjb Jjj£]!/U tojlj OjLjVI (Jj 4 si jilb t JJu£ 

(jlS J3j . "Ua&Iuu]! CJ uj^J ■^ c - <—>lj^l (jjj bj^jbloj <. dilijjV! jj^J 

jibl SjLiyi Jjft Jaaa Si jjll jc Jb JjjjsJI 

lil] liJ iij jj^J Ujjj . £tJI .... jjb\JI AiUa < c5J^JI JaiJI ' ° ■ aj < 4_nllui jjg^l 
jjjjJa jC aJu ^JjW A jjl j ajS It tli>lc.lidll Lllljijb jC sJjaJ bulj jj^J sjjll oljj (jl 
U' • Ud^J^ U£ <SjbLaJb jl (_j sjj jo JlaijVb dib jj&WI 
oljj tliljjjju jo 1*' laj b ^joiljjj . JJJ«J bulc IjJaJ (jl jS-aJ isjill oljj 
. ebojSJb i_sj^toJI f 1 J <uS II ^Jc. (jo ^^>aJI 4j ^j^j b jA ojill 

J ia^-aJI ^b^j jl (Rontgen) j^jj UuiuSI ^1 A^o ^b% ^ 
J (X - Ray) ,j-SI <^b 

dlbvj^lS 4^jbLa 4jjaoLbi-«jj^£JI CLlb-bjoiyi ^jj ' ^ J'J ' AjuoiVI 

. tllbvj^ jl 4jjjjJall 

Jbjjill ^JbJI Jia.^ Ayuinil <--ab!uSt j^> ^b% (j«> Jal Jl j^. 0»j 

Ulji V Ajja Ljb-buil jja. (H. Becquerel) Jjj% ^jiA ^ jjall 

J laJluil J (JjJaall (JjjSjjI jl£ J3j . ^jjliljjjl! tllbibv (jo a ij-^- all 
. 4 nt <^ (jo 4jtxoVI CLlbuj^ ojbi^U ^^C-buIiVI iabliJI 

4!i!>lj Jc (_SJ*jJl j ^UjjVI labial! J j^. Ljlabij^VI lilJi Call jJ 

J jJjju lijjaa. Aic Lliljill (jo \ "jo^ t tlibvbujVI (jo ^Ijjl 



wr 



" Y " " p " Ijjjj " oc " lili huSL ^leLuSVI 6 ja i-jj.^.,. . Ujj£ jj 



lgj3 j^Jjj oljj j»a Igj) SjJjl t-JJ^jj] lilluit J S ^gk lill ^jJaijl 

<£ja. AJla. ^ lllljjjjSJI SljjJlj JaJaJj (. <li.j<s 4 la ui (Ja^Jj SjjII 4jj£ aiaa a 
JJC (_£jluiJ "Ujlstlajl SjjJI ^gfl tlllj j jj£J V I JJC- (jlj 4 Ajllui 1 ftjja uij fl^aluba 
^yfti.nJj (IjUjJjjjjIj ^j^-jaII AjjjjJI (jjlaj]| t_fij*jj . oljjJI ^ ^j^-jaII t-'l W .•T.ll 
La£ . (jiaxJ (jC IgjJaxJ jk^aljaJI jiAJ (^jil J&j < j* ais-ll (_£JJjl JO*]! LaJJC 

i (Nucleons) t_jbjj]l (djlj jjS jjj]l j tills jj jjjJI ) si jill iiAj jL« 

c- ^c. jjj . 4j jj j j jj jjill j 4 (j J_>^^ ' ^-iJ^ ^ J ji«a 

till jj t_aJlij j t (mass number) <Sj£1I jjc s ja.1 jll si jill ^ Sjja. jJI 

' ^gSlI JaJjll j' aixJI (_£jJ ^^C-JJj 4 I 3"'^ jl^C-L IfrjJaxJ jC JaJ 3]! jx-ajaJI 

jj-aixSI tiiljjjj (nuclide) Sjjjj jij < j* ai«JI tiiljjjj IgjiiS jIjcJ ^ 

jaJ jJI 

jLuiJ ^j-lcl jjh'lW 4jj£]| JJC- AjIj^J Ai.! jl! j 1 II jjUaj jjj JALajll ^ij j 

4 \ 4 ^ IglSjS jljcl 4 jjUaj 4j>lj AjtniaJI ^ jja.jj.llgi] v&aS . jj-aj*JI j-aj 

: ^pVI jajJI C5 Jc ' . uSj j V 

3 it 2 tj ] T_r 

I rl , ! n , j n 

UI 

238 u 235 u 234 u 

92 U '92 ' 92 U 

g-a Sjjljll AjJ^xSI tllLajia-aJI (jx dlljJjjlJ ijjj^ C_uSjj1I t_a^)»J (jS^Uj 

: j^jVI jajJI ^jic Ji r-i'lt I I J 
Ljlj JJJ jjjll JJC + dllj Ji jjJI JJC = L_lbjj]l JJC = (A) AjjaJI jjc 

ililS jj jjjJI jjc = (Z) (5 J^' ■j-^l 
Z - A = (5 jiJI JJ»JI — <SjS1I joc- = L_iLi jjj jjjJI jjc 



! H : ( ^ ) j j^J! j^ki - 
) = USJI ^ 

jii^a = clilijjJjAil! 

2 H : (Y) jj^jj^l jJij - 
Y = USJI x>c 

^ = dllijJJjAil! JJC- 

! H : (V) jj^jj^l jJij - 

r = usji jjc 

Y = dlljjJJjAill JJlC 

ei* J dii jili jis (jc frUkJi ( Last ^nr. ^ic 

ja Luij ojSj jsii 

US 4jjLLa Aic tiljj ^r-iiJajJ 1 IjS ajj . dlljill ' alia «J lilSjj tllbjjj tlllj j jjSJ! 
- laHuuJt USJI ' al -ik^ AJajoil _jj LgjS^jxx JlxJ < ^ He (£) ^jjL^JI JjiaJ 

• UJJ^ ^ + UJ^JJ^ ^ + UJJ^ ^ 
. US SAa- j . , . O • ^ A = . ,...o£^ X\ = yjjjSJI Y US 

. 2Lji US Y,. W©VY = 1 , « • VY AT, xY = jjjjjj Y US 
. Ajjj US SAa. VYT ♦ = VA-Uo x Y = jjjj jjj Y US 

US 0.1a. j £ , « VV » « » = J^ajl] AjjS^JI ' " A aj ■ "f ^ (J^ ^ 

' " ^ °j ' "?• ^ <J^ ^ ^ (jJJ (JJ^l ' . "a-j USJI (j L-lL aa 

. USJI L- aUiao 4iaxuljJ 1 g llMU ^aJ ^^jJI ojill US (jJJj Jjh'lW 4jjS-aJ! 

: He j» jjl^ 11 j^aj ^ j^a'ti Uj liUijj 

. Ajjjuss^j ... . .mv - .xi.r - .rr. . 

Wo 



(Jj£ p^jAa-a jc (JSj ^jjLgJI ojil 4jajaaJI aJjSJI jl (J^Silt I^Aj 

. 4jjj aJjS o.Aa.j • , • • • 1 ^ V jl jL<u ojjJI a-lgj AjjS.aj'l ' " ^ aJ ■ ia It 

? ajill 4JjS J j aSjll IjJA L_lAAl ji jA j;^ all JIjjJI 

t La a.uia. J ajLaJI J^b^a ^^A ajLall (jl AijlLaJI ^jUaII ja 

Cilia . ^JC Jj (JjaJU jl jluijVI ojJS (j-ajJa ^aJaJI (jo (jjlaJ V ajLall (jl LaS 

. <Jjjill AiUall ( \\ nf^l £-a jigJ dlLiJ VI ^lja a jiiJ AJ jjla [^jUaJI ajlA 

4jjkij (Albert Einstein) jjLuibjl djjJ ^Jl*ll ^ ^ ♦ o ^ j 

J (Jjijj • ^Jjb (JlaJ jl ajjjjJalb j^nl - 1 na II aX£, jl lgj3 (Jla jllj AjAuijll 
J ^>JjaiaJI i I Iij jjj<u\l <— laj j/il"^ liljaJla ^aJ i ua (J£J jl < 4_ijlajJI o^A 

jjSjoJI AJla. J -j i ua II <Jj£ (jLaJ jl'j AjUuull -J i ua II AJjSj t jj^mll 4jla, 
■ fjuoJI l$£LaJ ( ASLUI jx jaJ p_ jj ^1 jl ) A£jaJI 4ilLJ ^jaj AJj£ LjjII ULjax 
J ja2j J j£-aJ fjqiaJl <i£ jb AaLkJI j Al&ll Jlla jjjli 

l jj^JI Ax-jjo) £Jja X Al£\\ = ASUaJI 

E = m c 

t (fl ja. jKll Cjl^a. jj) 41&1I m t (JjaJI Cdja. jj) AiUJI E JlaJ djja. 

. (^ijlj/ JM-aJI tlll.la._aj) c.jjJall Acjjoj C 

Jjj-a (_£Aa.l IAjLqcI j£«aJ aJjSJI jl jA AJL/LrJI a.igJ jjJJjll jj<M <-\<\\\ jj 
«-a Cjbjill A-LaaJ (jo jj i alj jl j^^Jj .aSLLJI 

oA4i ^g-^i.iUj .aljl!l (Ja.lj Uj-iJaxJ ^a dlbjill JajjJ jll A£LLH ^ jLulJ I i ^it 1 
I g > >i» J ^ JJ^iiSI ^bjj iajljM jC AJjjjoiaJI AiUaJI ^H, j (_5jjill Jajljjll 4iUaJ 

. ^a.l jll J jaIJ ol jjJI jja. Ja.b 
JljaJ (_$j3l Jajljjll AiUa jl ^- ■ '->"« j 4 Luj oJ <JjLuia. AjjlLuj 

. «.(_£ jaJI J dll jUI jjJ 3 jjl j aj£ II ^Jajl j]l AiUa jx oj-a jj^La 
ol jjJI CjLi jLa JaJjJ Jll o jaJI jL jl jaVI Jj AJaJjoull Ajjllall sjlA J j& 
^Jijlluijj^£]l L_ljlaall (_$j3 jC LaLaJ ' alia a p jj jx I i 'r-tt li ^CAjjjl]} 

a^A jjSjj . jiibll oJjAui (_$jaJI p jj j-a (_5jjill JajljSlI (_5j3 jl ' " Ua ( AijJLaJI 
. LjjJa«J (ja AJUJS 4iLuw> Jc tllLljill jj^J La^JC Ia^joiI Jc (_^_oflJI 



jjj 4j»a (jjjjjMjjj jjJ Jajljjll (_5j3 jl tl UJ ^33 . oljill (Ji.lj LjJ jji V 

j^jJjjill jJJ ^^tiuijj^JI jaLnJI ^1 (illj c5>Jj t OJjjJjJJ 



•. u&W«\ *oa^a ^-^ 

sjajS ojjj^aJ Igl'lT.a Jjjj ^^ill 4ujLi<uSJI ClL/lc-liul! aJL^. ^3 j La£ 

• U^" tP 3 " * j' J*^ J J LS* J^' 

^ j . ejSluLajl jjc. jjli ^laJjJI J^"'^ tli.laj ^ ^^clsjuiVI 

j-a J^l C5 ic AjJ^a Jl lilJj i (— 1 j-ajill L>* till jill (_J jj J£ (jji ^il jJI 

(_S-}jj ^^cLuaij JaLoij (_£jill £>^A Jla (j* ' " "* • o J°"' ■ " " JJC- ' tjjJj^)J 

^jlaJjj i Xijij^l At ^gJc. (Po) jaj^jijJI ojj sljj ^Ala3 . 1 3 

<_gJc ^ j-<^-<9 ^jajIjjJI ajj a\jj Lai < tjjjj^)J AA ^^ic. (Rcl) jajJ^ljJI ojj sl_oj 
!j.la-a VH« Llii.1 I jji . ^^C-lxjoij JaLaiij jj-aJJ jj^aLic (_gAj t LljJj^)J 

j« Ujjl tllij t^lj ) bll AjujI tlllxjjl Ajfui ^jJjIjU (^cIxjoiVI JaLaiill (jji < 

-j 1 ua (J-aaJ . ^ajJjl^)JI ojj j»a ^ He ^ + ^jjil^JI oji ol jj jc ojLlC till <n 1 

JJaJI I^A ajjli-a . ( (jjljjjMjjjj ^ (jjjjjj^)J ^ajjjl^)]l sl_ai (j-a Ajua lill 
Al ^jic- ^jlaj oljj liljMJ (X + Y) ^ajJjl^)JI ajj oljj tllljjjMjjjj tllljjJj^)J 
• UJ J '^ cJjiAlil jUJI oji oljj ^ oJj^.j^JI tllljjMj^)lSI J^C _aA I^Aj t LljJj^)J 
4iUall (ja JjIa jJ3 tlllxjjLl Ljaj-ax ^jjjl^)ll oljj (_g j"'^ a ^fl J^*^' '-^ UJ^J 

. ^jJjl jJI qa J_a-a / Jja.jL£ A \ • X £ ^Ijaj 
^gjl-LajS II ialuu]! dlV-^-a-aJ 4 g j u'u AjjU^aJ JaLlill li& jc jAJt^jl (j^aJ 

: luil 4i jjlaJI 

226 222 D j_ 4 

co Ra ► Rn + ^ He 

88 86 2 

4jj£]| ijci j AjjjlJI i^C-Vl (_J«-?>J LaJ dV^l«-aJI a^A Jla jji jJU jl (_i^J 
j^Vl t_LiUJI ^Jt Y Yl 41&JI JJ£ AJjU-aJI ^9 . AjjLAa j^LJI Jft 

^Jt AA ijJA\ JO»JI j t U>La jAlVl tjjbJI + ^ ^ ^) l5J^J <S^l«-aJI j-a 

. l$ia j-ajVl t_jjUJI ^^Jt (Y + A"l) c^jluiJ J^Vl t_jjLaJl 



(jl (jC l (jjjluill (Jlxall ^ Jjj Lai aIjIaa AflJjlaJj t 4j]Li]| ALla-oll __)J*J 

ojj ^cilja (jjjj^>j Up-* '"".'V ^ Lgjljj tjjjMjjj (Jjaju (jl t — 1 O^I 

32 , + , 32 p + , : ^ 

16 S + " " 15 P + 1 P 

J^J • UJ^JJ^ 1 J) (P) l - i J^J UjA*^ 1 lA ( n ) ( - i J^ 1 3* 

. (\ Y — jjjjjSJI (jjULa cs^") >^ljll c5jLuij a!j£ (jjMj^)^lj UJJMjJ^I t>° 

Lai i tjik^a (_j jIujJ Al {£J-^ ^ ^ la ui cJAaJ V jjjJjjilll jl iaa^Li 

^^ic . !.ia.lj (_5jLuu a! (_sj.il! J^stSI jli lil t ii.ia.lj Aia.jx 4 la uj Ala jjMjj^ll 

: aLLxJI ^ I^a US jj> jll J ika^lj tiUi 

1 

: LS C.\juj>y\ Sal -all] jjrtg jJCjj lilliA jl .la.j as] 

: till ^ufii djUJI (i 

^joLgJI ajj aljj jAj t lill i na oj^JI aljj (j^ > " it j'u AllaJI a^A ^fl 

£jj oljlll 4_u^___| a j^j . (He 2+ ) jJJjjMjjjj jjjjJjjJ <^]c Ajjia-JI 

jl^Lu (Jaj (_sjill -i-i*]l ^'^j (jljjaiaJI jljjjjjjll . UjjLij^a j^ C_il.ia.j 
Sjj sljj (Jiajj . L_il.ia.j (j-Jjl jI^aaj ajill ^jJjSJI -i-i*]! (Jaj LaS t jij.ia.j 

: «iUj £CjJajJ . lill A*_-ul ilAxjjL LcUJul ^jjjl jll 

226 Ra > 222 Rn + 4 He 

88 86 2 

: ULu AjuJ-I djUul (cj 

ojjll aljj jjJMj^j <Jj^-^ tjal£-« ^^cUojVI JaLaull IjA jj^J 

AjujI sLa (^Jc jjji_UVI <-i*jjj oljlll ^ jjSjjJI <_JLj3 t jjJjjJj UJJ^I 
(jli jLilbj t Ajliil ' ajia jUuo. jjj_£T_M jl i_ajj»_«]l (j<4 . Ijjj Aajaii ^g^uu 
jl US 4 ojiH ^ 1-'<H J^xJl <la jala 0JjJ-aJ JJjJ V Sjjill (j<4 s^aS 

.SAa.1 j oJa. j jl^Lu SjMI (^J^ll .H*Jt JJJJ ol jlll ^ ^ulill jjj JJ^lL JalSja.Vt 

(jjoflj UjJ a ji jA Jjaull I^A (j* jil ^uLill (jj^Aui 
. 4 aI^VI ajill (^J^ll J^JI (jC aJa.1 j a^a. j jI^Aaj Jjjj JAc 1 gjj 



^ VA 



210 

210 Pb ► 2 ^ Bi + e 

82 83 _i 

A >Ti (_b^J ((jjj-^) fj ' ""> (j^y ' LSJ^' Alatll ^J) jiailb 

<_)Luia. .IxJj 4Ti^» ui (jjMj^ll _>£ S S Lo£ ' ) l"^* <blLui 

. ()+) ^jjll JJbJi 
(jl ^1) jaIuiaJI JJC- JjiaiSI aljj tlllijS^ ^ JJ»^I ^J^ll l^b ^AAn.nj 

(JiaaJI (Jjol^LuU L_ ij*J La JJ^-la cS-^J^ • aj^^i nrt aljj (JjJ-ajll ^JJ 

• y^L^I 

t aApa. a^J^oj ^1) clj^-^ bc-Lojl j&juball JJC. jjhMI aJjjj Jl Vn LaAic 
(_L-aij Jja. 4_lLa*j| j-aluijj bjai (JlaJU bpli a jSluba JJC. 4j^jb]l a-Ujill dul£ lilj 
oA4i v_sjxj . aj's"u iba a-lijj j jSjj LaAic I gjjl g j ^Jl 4cjn rt\l 

JuX, djX Jl b& jy 4j,uin 

: a \_LaAa 

238 « 

cs^jj 92 U ^jjjljjJU Iau Jill AIuUI t^jjij - ^Ijj^l (!) 

, 226 Ra .jpl jib t JJ>a 2 ^ Pb o-L^ jJb 

88 82 



,_>-ab-a^)lb ^g^lljj Th ^jJjjjlb AiuiiuJI aAo ^Auj t ^jJjj^JI Aiuiiui (i 

90 ' ■ ' 208 pb • 

235 • 8 ? 

(J*aL-^)]b ^^"'"'"'J U ^JjijljjJb lAijj t ^JjjiiSI — ^JjjljJjJI 4li.illi.il 

. 22 ^Ac f j^SUb \ JJJA ^ Pb 

*aJJ bJ djAsu L&UjSI Jk2j Jill ililAjjill J JuiXJI 

jl i ^°'> jll ^j^j lill ^uaiaJ djUujl JSa . aIj^II ioci j AjjoJ! ijcVl ^ (jj^j) 

Lai . jJU-li. j jl^iaJ ijj^ J^xll (jl i aaj ^ijj t CLiIa^j ^-Jjl jl^iaJ aJj^II JJc 

jIjLu c^jill Ai*JI Jjjj j^l j AJj^ll j^c jjjiiu jll ^j^j !ia Luj djbujl 



t , ^- Jl Al£S\ .llCj (_£J^1I J^btS! (JS ^ JJ*ill I^A (jc ^)i*J . o-l^lj o.la.j 



r . A y 

Z + 1 



jjc. j c^j^l (>» J£ J lSJ^I -^1 W ' ( — J) c£ J J^ ^ u]^ 
^j£l (jj^j A^jlil! o^jjiii (jji si jjll (>« Ijjj AjojI ^ic (l 

t (Z) AjL^aVl o^Jjjll C5J^' l> (Z + 1) J "e>^J jl-ilaJ 

^ljjj Ijjj >ljU_ijl ^1 < J^*^ <jj J ^M-* (A) '^■^1 ■ i - ic ' 

• ^J-^ lSJJ-^I (Jj-^^l (j^J cs^l *^L9^I 

ji^Lu jsu^ai uj^j ojjjiii t^j^i j^sJi (jji isji AjojI diUuji ^ic 

• iS Jj-^l Jj-^l jluull jaJ (jJ«i>« J-^J fi-^j^l 

? ^jj^JI J j^aJI ^ £3 jJI jjjiu Jl 4l&]| JOc ^ jl 1 aa^t ^J^J V I iUl 

lillij 4jL*aLaJI till L^all (j* si jill cs JUjUl ^^cUujVI (JIajII AjiaC j] 

J In; , nil ji Sjl jaJlS A^jUJt J-lj*Jb Jtl V JUlb ^ t Si jill 
JLall J^»-<u 4fil*lall LjbluiaJI jl ^.j J3j . jjll b_ilc 4jjUa£JI 
^^cUujVI JiaaJI J^s«-a (jl <jVI tlulj]l (jo Ajl V] ' ^-^1 c>^»J aJte-* ^^cUujVI 

) A. 



jjiu j . isjr^ cA^Vl ^1 t-i^j JLal ^ j^UI t> jll j i (Half life) 

j-aC- (jJ;»J (j-*J • 4 *m <i <Sj£i Ig-S jj-aixSI Tj»a AjJC Tj«a 4itila]| ' " ll "J ■ II JJbo 
. AliaJj <lcjjai L-lLuia. ' J,'k'^ ^ jj J& ,H>,nVl (j£«aJ i <>,->'l\l 
jA La Lj j " 9 i jj-aiJIj (Jjiall Tjjj tjAJ^ tjjliu Jjl Jail! ' ° i jLaCl tlljUGGj 

(_L-aJ t^i. JJj-aS jA La Ig-Laj t tllljiuJI /_^a (jjj!)LaJI < flV I J) (_L-aJ t^i. (Jjjia 

(Jli. ^^jolAjj (jl jlSj j^jobaJI JjJaill (jl (JjSil (j^J ' " 'J**- ; (j»a frl^^' J) 

** e 219 

jj-a <2wHaSI 1 all dlbujoia. JJC ' > " !■» U Rn (jj-^J^ Jjh'l^ . AjjSj 

jjlaj JJ (JjaJj Lj-inaj (jV -iaaa (jl jM £ -ixJ ^al • , • • £ Ljj-a ^^aijj 

: 215 Po fjiijIjJI 

219 t 4 =4.00S 215 4 

86 ► 84 2 

(tjljj £, « « = i iii-Till j^c) 

( ^ _1_ j»a^llj ojlc- ' L^ajll ^a*J j-®J^ • 4 ^*J^ La 

s jA J AiV t (jj-^^ (j** f^J^ * ' * * ^ ■^ a * a * * JJJ-* 

' , ' ' ) (_^fjj ^ ^ JJJ-* -^J ' ' I J-aC ^^jJaijl .12 (jj^J AjLiJI 

. 4,».uiaSI 3-iLail /j»a 

. £ulil! J^ult !^3ii J J^i -13 AilsvlaJI ojLaJI ij* oJj^ 
: jjUaiJI (j ht ll ■ '"■-'•'II jLacl <LaVl (j^ij 

2 ' 8 U ► 234 Th + 4 He 

92 90 2 

1 t 

2 ^ Th ► 228 Ra + 4 He 

90 88 2 



234 Th ► 234 Pa + ° e 

90 91 -1 



216 212 4 TT 

At ► Bi + He 

85 83 2 



^UoiVI JaLiull jl aOa.jll a^A t> 4iLJI Ljljaall ^ lill ii] 
4jjjill (till jjitill) tllVjaall i-lulS Sal j . j' <aic ^JoaII jj^aixll (Jja*J 

frUkSI J j^a. jl Vj • Ifcj3 p£»jll 

lill AjojI (jj^.jjfii3l (_^aJ^)*J aJ ' " Ua . (jja-uiSjl (j^jj^ill (JjjaJj 

JjiLjj lill CLllAluia. (j^jj^ill ojj oljj IbSjIj ' " Ua 4-lllc- AcjjoU A».9.1'iaSI 

: 17 O j Ja^u£ jVl jjiaj gjUll jjSJ tij^jjJ 

14 N + 4 He „ 17 O + 'p 

7 2 8 1 v 

JjUui l^La Ajcliiaj-aVI ^Jjjjll lllV jajll <La! (ja Jj.1x1I lillliA j 

27 Al + 4 He „ 30 P + 1 n 

13 2 15 

ojAil Ajjou ^ jj i LlDlc-liull sIa JL* l>* gjljll UJ-^ (Jlj^VI l_ ilc-l 

<!Lja] dll j j <lcli!La]l Sjill aljjj lill Clil<u,i,iia. q±i la-j jl (j^} - jl ■ gall 

_aill 11a lill f»J i t^w^ <_j^lj ' l-g-i.'ij Sjill - a a J IgljjLLs Aic ojjll oljj ^a a 
^ hi (jl £CjJal_jll (j-aj • Sjill ^J^4 S^)All_La ^.llaj aJ jl 1—LaJ Clj^L&Lallll jx 
. Upljj tjjl i*'^*' (jl (jjJ dlljill ^jjiaj lill CjLaJjota. 



(Nuclear energy) ViJ^ ^3WaSN 

j-a lill AjojI llllaujl Ai*a i AjjI jaJI AiUaJI (JjIa jJ3 i-llln-uLl bj^. i .-ia jjfb 
^ • X £ l&jljLa Ajjl^a. AlUa ' " ix xu Ra ^jJ-Sl^)ll Jjiij (j-a .l^lj (Jj-a 

j£-aJ ^^jll AiUal] f^i. ^-a j'U.-irt Jc (Jjj-aaJI j£^J Ajb Ajbjt J AitlLaJI 
jVI ^J«J La jA AiUall JliuJ <ja JLill lift j 4 jluij)M AiaJ jj bJ!lijjJ 
AiUaJI Jc Jjj^aaJ] \aqa \j\i^<\ (JxaJ dla-b^ai ^^Ij AjjjiJI AjiLbJb 
J jJ j^> JOC J Ajjbj$UI ASQall Jc J jj^aaJ Aj^aLi. aah-^ J LllLol Ikiui!!! 

. <JbJ 

(■iLa laJlmt I^jIjIjj Ajjjill AaLbll (Jill at laJIml jl t 'imj^ill jya Aj| V) 

jiiLia *t% (n£0-nri) Ajjbjl AoJbJI dbbj ^ t^a^a LljiU 

La (JaLui jLa^l Ijjl (jjolllj jj^bbll ^^£1 jb>jj Lujoi Jjjj^. Jc (jJUJji 

. Ajab ajbl dill j 

alft jUSSfl frbakJI aJI Jj^aJ La Jc Ajjjll Alnall aj& LJ-LaJC-l 

235 

^» i ii Vu bjjJjAJ (j <\) jl I g j£ aJ U ^jAiljjJI J^iaj al_&j (jl j^ 

• iSjJ^ j' LajauVb (Jjaall I^A t_ajc . t jjjsj jjjjluila jjl j^. J) oljjJI lillj 

bJ lil^a. ^pll Ail jVl a^LaJI aJj£ jx Jal jbkiijVI liA ^ul jj Jj£ £ j-aa-a jj£j 
ajlA jJJ«J jS-aJj t Aitila AiiUa J) aJjSJI ^ (J^>all I^A (Jj^J ■X&j • jUajauVI 
jC. jJHJ <_g^J L^JI ojLaiVI ' " '°; ■ " < __ s ^lil jjbjoijjl AJjla-a (JJjia (jC AitlLaJI AlUaJ! 
JlSJil (> J£Ji ^1 J J jlaJ AJj^II J jb>b AiLkJI j Ajj^JI jjJ Al^utl] 

: AiUJI 

E = m c 

Aj^aLi. t^i. JJjS jljlLa (Abib/ jjla ^ • X V = «.jjJall ACjjoi) C jl LaJj 
jJS lijbui! (^^JJ Alba aJj^II jya Jjl^a J^3 J jb t '*-*^JJ Aj La^ic 

. AlLkS! ija t^a. JjU 
A-ax)La t_Sjjia J ^gluilui (JcUj JJC (_$Jjill jl U.T.'tNf 1 jS^U 
A^joj oljjll jUajljl dl-la-j LajjJ Aj| _oA lilJj J ' ■ Lbuill j t (^ — A (JSj^JI) 
a^Aj t dlbjjMjjj ^ilj Lj-uiij jUajoU^I AuLaC. jli t bjjpjjj bjJ-ab-ailaV 

ur 



oAl^a. dlljj iSy* ^UaxuljJ Ifrj^L^aJ at -lie lkjj.li ^jSj 4^jU]| dllijjJjjiSI 
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235 U Si ji jLL^il 

92 



t lllljLajjl AjUjoaII Ajjjill till jUajlj^l (j-a AjxjlaJI ASLLJI tli.laJj 

4jjlaJI dlL>jjll (jx (jjjivLa oJC J) (JjL*ai ojlj^JI tllL>jJ ^ (JjLo ^liujl ^ 
iUU ! JJ-aJJ tllJaJi (Jill jLaij^l s^A Jla jli . jIaAJ^I til jJa. L_iac ojjjlxa 
L_u£ljj]l Jc oj^.laj ojjiai. tllljijlj JMjJj (J^bJIj J' "-^^Vl Jc i "-^"a-ij 

(jla ULJb c5jjill J V1.V1VI t> ^Ull jUij^l SjS ji&j . dil jL>ijVI 

^ Ja UJ^* jW^j C> AilialoJI 4SLL1I 4^a£ (jla lllJI JlaJj . (MegatOll) 

235 U t> -Laa j»l * jlkiiil c^^jjj .(jjjljajjlij <J££) (TNT) a^U 

" . 41LLJI (> AJjUJI 2Ua^]| ^plkil JI 
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^ 3 ^ U jUajaul J a£ao]l (j£-al 

. Sj-aXaJI sjljl ^jlij (j£-aJ tlfijjl ^jjoii Jj 4 JxuIuOaII (Jcliull tll-la-i ' - Ua J 

ji) uu jaLuU J3 J_aial Ajlaj OJJ3 j!>Li. (jlK'n (jl tljjj !jL>ijl dlJ^J ^Jlj 



a.Lai«-a]l jaJI AiUall tllUaa-aj 4jjjiSI ASUaJI (J&lLa (jjJ AjLjJ lilliAj 

l$J (Jj^JJ Ajjlja. 4iUa ^cjju I^tJ^-^ IgjV ^-yjil jl jliJ! jl all (jjljia.! ^^Ic 

^li^jl oji - ■ -"'j (JjLoi c.Lall jli-J (Jj^JJ ' " 'j^ ' j j Lot > dillj 

. AjjjJaaJI jIjaSI jLacl (jJJ»J (X . JJ^ i *W jLaC-i (jJJ«J 

blaJI (jC AilaJLalt 4jjjVI -ilj^Jlj jjla-allj JJ^ ■ all jLacl (jhUJU Jf^} 
JaL&ll Sj*Ual 4jL*J1 Ljlinkill ^Al (j<4 Ti^lj llltSUillj tlililjjaJJ AjjjJaxJI 

ojljj tliLujIj^JI jjSI (j^ <_>*ajVI <^ jj-^ i jLacl jjJsj jluuj . 

** 238 " e 

' '^'^ jac. Aij»AJj . U f j±i\jj^l ^gCixJii^] (JiaalJ ^jl^jll ^ejlill 4j| ^gic 

^jijljjjJI L_uli. ,_>-aL^3^)]l jjgJal (j**^ i r^-"»^- ^ aJ ^jjijljjjil 

. ^»LaJI SjLall jj-^ . 4 *m ^ 4_ij j j 

: 4jjJ33l!1 jIj^I jL»fri (T 

Jaluull SjAUa at laJlml J tiS^ui Ajj i >-\r \\ jl jaSI jIacI JJ-iSJ _>f^S 
jjk^aS (jA j^-^ CS^J - (J J ^ U ^' (jjJjSJI JJ^aj ^J^j} liliij ^^C-Uuoiyi 

sjlcl Jic ocLuu (Cosmic ray) Ajjj^il <*jiSf! J LaS . C0 2 

14 i 14 1 

7 N + Q n ► 6 C + lP 

(jx 4 ut <\ 4_ii,iU ^^^ic 4-<ulj a jj i aj ^jT'^ j C5j?^^ (jl ^1 ^ 'it 



ilk) (jc (-Jiajju $.1 jjJaaJI djljUill aLa. <— S3 jjj jJa.j • ^jjJall (JAajII 4 jUc 
^ C (jjJJ^I ^-^J ' i^J J ^ = ^ 4jUr. (jc l^iajj] ^ C 

. tjcbojl 4iLuJ 4jJ»a]| tllljLuJI mi'ti ^ (j-ailjjj 

•IslIj ^»lja. ^ (jjJjSIi ^^cla-ia^l JaLaull (JjUs AjjajJU j£-al J3j 

' ■ hia U ^^C-UjjVI JaLiulb AjjjlLa j AjaJI (^J.'-*^ It) 4jj^l uij^t jx 
I ii£ aJ ^ullill lilij AjjlLa £»«J • ~^ all ^3 jl ■4-aJjii jLa jl jx Uja^ Jl 
^Jc- dl^a ^^jll 4jj»aj]| ajjaJI i—lLuia. ^ C jjJJ^U ' L^aill j»aC 4_LajltAJ 
'LljljJa.j 4-ljLu U-iul jLaCl JJ^flJ ^aJ 4jjjiaJI aj& (_3J.'^"'.<J • ' . II tilli jj£j 

. Aiui t_aJI £ • J) (Jx<aJ 

: iuiJl ^Ua^ 4JL±\ CJuA&U (T 

a.U*ia ^1 jil ^Lliaj-al (ja AjjJaLaJI <Llall till jiuJI j!>ta. *.Lal*JI j£»aJ 
\ .^ij.^i-s (. " u <\ > ^-t Ajjjj Cl£lclLa ^gi (JJJP JjjJl (—SjliS JpQalj jjUaill j* 

t Loi£JLl Jaiijl La t-U-la. AjoLaJI jjUaill (JLlI al lalml jjJl j-a3 . ^j^ajiJI l^j 
£-a (_g-al«JI .'^ dlVta-a ^fl lllLal.laIuil j t l£a.!/lcj (j-al^aVI jC 

. o-i-ixlla Adj^a ill! al laluil 

: Lj^lc j (jial^Sfl L_aJ£]l Jla-a ^ AjoLaJI jjllaiJI f\ 

jx L-lLwa^Jl «• jaJI (jiaJj*JJ AjjUajjoill j»ljjVI AaJla-a (j^-aJ 
jlj^ (_ja UjJc (Jjj-aaJI ^aJJ ^^jll (Lala. AjojI) AjojVI (j-a tlllcjaJ - 1 aa 11 
Vj ' ^IxjaiVb AjLl^o jl 4-aolui tlulS c.Ijjoj "UaJI ^ a i ojVI jmIjj . 4,».ui,a 
AjL^xaJI 4 a i uJl$ 1 "Uxulia Aijjlaj 4 g Ja j"' j ^U^l^l dllc^a. Aj| 
^Jc. f I i aSjl ^aJJ LailJ ^IxjoiVI J^j^J c>* a 4 a i nj^l ^jLaa. (jS^U 

. AjU^ail 4 a i "''^1 

131 I JjJI jjJii <kuil jj Ajaj^l S^JI u^J^ U^°^ ^ 

^joi-aJI Co i«lllljj£JI Jjlaj tllla. - laluiJj . o^iJI a^A ^fl j^J^ L5^l 

(illjj Aauai^U 4JUJI 4jaljia.VI aj^l tUlj LaU. 4ju$ <la ^ill 

32' * ' 

li^J P jjiuijill J^aj - ^"'■^ LaS t (lLaj£ji]l) ^1 jUajjoi 

. Ljajl (jia jiJI 

(^kll Jla-aJI ^ VaAi AjolaJI jjU^JI tlVLa^l j£\ j- 
^ ^aj]l jl jjj 4jojIjJ j^-aJ ^\iLo3 ( ,jJa!^aVI ^ lgJLa*Jjail 

t (_5JJ-^I jl^aJI ^fl (j-alj^VLl AjI 1 ^i^\l c.1 ja.VI ^ij»-aJ - 1 na II 

^^cIxjoiVI -LLuuIl (_^j j' aj«JI j-a ajjiu^a ^^-<^ ^uiaJI «.LLcb (illjj 



jjliaia . ^Luai^U i_LuilS jlfra 4jajoil jJ - 1 II J^a^l L_ iSljJ 

.^aljjVI liiiij Ajl i <-\<\\\ A^jii^\ jjc Ajlc-Uojj (^^Ib J^-^J ' ~ ' ^ .' • d "y.''^ ^ 
AjC-jVl L_llk3l llL/L afc ^ ^ ' Tl ^jJbll Jjiajl ~\ . aj *l i^j^jj 

_jUj-a.ll ^fl ( _ - >ia^)»a]l (jjlalia ^JaajLaJI jj ■ ^ ^jJajJj t 

^ (jaJl£ <u ^la La JL>JI I1a ^ <H*SM jjjI t> j . ^Uoiyi 
JA<u3l 4_iLac 2 ,<rK,„ u] 4_£j>aVl a-laaJI CjLiV »lb bj j aLll£ 
^fl £jaba]l ^ C (jjJJ^I -1 laluil J c.ljjJaaJI tllljLlill ^jk ^jjJall 

Aj ^jSJ (^JjjJal! (JiLedJI AjlaC ^fl (J^-^ LS"^' UJ^J^ V' ' LS^ 

£a (jjJjSJI 1j i u£ jl <_£-jb jlc- (Jcliuj . Lllbbill ^fl f I j' aa II 4^jaijVI 
jjSlaJI jSjoj c.lLcV AJjIxaJIj 4«s i j^JI (_j J^lall dtaJj c.Lall 
J3j . dlt_aJaa ^ ^aJU 4jLa*]| a^A (jb (jVI j»jl*-a jA La£j . (jjauoiSjVlj 

^pll 2<y&<<~\\ ^Jc z jjjJl ^ Lai) ^ ^Ia jjJ 14 C ujO^' 

oAA 3 a lalubaJl jjUajJI ^^Jc. JjHaj J ' tli>lc.liu3l a^A l$J 

. L^clioll soa ^ ^1 AjIuISoaII 
6C0 2 + 6H 2 i= ► C 6 H 12 6 + 60 2 
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I. _ Cr ► + e 



24 
126 







II. _ I ► + » e 



53 
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214 . 4 

III. Bi ► + He 

83 2 

IV. 56 Mn . + e 

25 * .1 

59 1 4 

V. Co + 1 n ^ + He 

27 2 

I. 223 Ra 

88 

II. 241 PU 

94 

HI. 56 Co 1 

27 

IV. 89 Kr , 

36 1 

: qa J£ <kuil jj lili ^joia. Ajjjill <LU-J lJjSI (V 

257 Rf ( iii ) 227 Th ( ii ) 178 Au ( i ) 

104 1 7 90 v ' 79 V ' 

: qa qa Ijjj ^iu^ > <jj jill <LljtA]! ' . uSI ( £ 
24 Na (iii) 10 Be ( ii ) 127 Sn ( i ) 

11 v ' 4 V ' 50 v ' 
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